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ABSTRACT 
 
 
Treatment of Saltcedar (Tamarix spp.): 
 
Economics and Feasibility 
 
 
by 
 
 
Christopher L. Thompson, Master of Science 
 
Utah State University, 2008 
 
 
Major Professor: Dr. E. Bruce Godfrey 
Department: Economics 
 
 
The invasive species Saltcedar is affecting water and land resources throughout 
the western states of America.  Because of great water use capabilities and other 
ecosystem detriments, Saltcedar has been targeted for treatment.   
 For successful management of Saltcedar, individual landowners need to be aware 
of the costs and benefits of treating Saltcedar.  Eleven of the most commonly reported 
treatment methods were evaluated for firm level economic feasibility.    Evaluated on the 
basis of treatment cost, treatment effectiveness, Saltcedar water-use, and re-vegetation 
water-use, a production plan of ten years was created for each treatment method.  Some 
treatment methods required re-treatment and were evaluated with re-treatments most 
commonly found in the literature.   
 Of the treatment methods evaluated, five treatment methods were determined to 
be most feasible.  Landowner valuation of environmental changes in the ecosystem 
brought on by Saltcedar is very important in the decision of which treatment method to 
 iii 
implement.  Personal valuation, over a period of ten years, will often determine which 
treatment methods are most cost efficient.  
(135 pages) 
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CHAPTER 1 
 
INTRODUCTION 
 
 
 In the American West, water is the lifeblood of civilization.  Over the past 
century, increases in the west’s population, agriculture practices, and industrial advances 
have harnessed the production capacity of water, thus prioritizing its uses.  As water is 
used in an increasing number of applications, managing scarcity of water has become an 
important economic issue.  Allocation of water resources toward its highest and best use 
has become standard of both allocation and efficiency, and any less is considered 
“wasting” water.  Because water conservation in all uses promises to be an issue in the 
near future, proper management of water-loving riparian plants may provide water 
resources that are currently being used by those plants with alternative uses.   
 Saltcedar (Tamarix. spp), commonly known as Tamarisk, is a nonnative plant to 
Utah and other western states.  It was imported from Asia.  Not known to be problematic, 
Saltcedar was brought to America in the early 1800s. Planted in the 1900s to control bank 
erosion, it spread rapidly into Utah’s watersheds (DiTomaso, 1998).  Saltcedar attained 
“noxious” status due to its rapid growth, its ability to out-compete other indigenous 
riparian species, and its high transpiration rate (USDA, 2005).  Saltcedar is a 
phreatophyte, meaning it has the ability to use a deep root system (up to 4 m) to draw 
water from the water table. Once established, Saltcedar has the ability to survive without 
the water table during periods of drought.  Saltcedar’s habits tend to be anthropogenic.  
Saltcedar favors riparian communities that have been changed from natural flows in some 
way. Human-induced changes in the natural flow of rivers have allowed Saltcedar to 
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become well-established in the west.  Changes in flooding patterns and flooding 
frequencies have widened periods of “acceptable” conditions, resulting in an increased 
Saltcedar propagation.  As a result, it is estimated that up to 1.6 million acres of 
watershed across the western United States and Mexico are inhabited by Saltcedar 
(Zavaleta, 2000).   
 
Background 
 
 
 Saltcedar’s first commercial sales occurred around 1823 on the East Coast.  With 
hopes of a cure-all stream bank stabilizer, the USDA (United States Department of 
Agriculture) began growing it about 40 years later.  After escaping into the wild, 
Saltcedar became a problem in the 1920s (Brotherson and Field, 1987). 
 Biological research concerning Saltcedar did not begin to be published until the 
1950s.  Researchers began to worry about the excessive water consumption properties of 
Saltcedar.  Throughout the years, as biological research and data collection methods have 
become more advanced, Saltcedar research frequently has focused on the amount of 
water that is used by this plant.  As a result, several numerous task forces and research 
think-tanks have been organized and focused on the eradication of Saltcedar.   
 
Water Use 
 
 Most scientists believe Saltcedars’ water use is the most concerning economic 
issue.  As a result, ideas of eradication paralleled by water conservation are forerunners 
for Saltcedar treatment.  In an individual-to-individual comparison, Saltcedar does not 
use significantly more water than the native vegetation it replaces (Criddle et al., 1964).  
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Monoculture 
 
 Biologically, Saltcedar exhibits aggressive growth characteristics that allow it to 
outcompete native vegetation. 
 Saltcedar can reach densities that are uncharacteristic of native vegetation 
(cottonwoods, willows, elms, poplars, etc.)  While consuming equivalent quantities of 
water, on a per-tree basis, Saltcedar has the ability to consume more water on a per-area 
basis.  As a result, Saltcedar is believed to consume wasteful amounts of water per area 
(Criddle et al., 1964). 
 
Salts 
 
 Because of Saltcedar’s water transpiration and monoculture characteristics, it has 
the ability to translocate large amounts of salts.  Because of its adaptive water use system, 
Saltcedar removes salt from subsurface soils and deposits the salt in its leaves 
(Weisenburg, 1996).  The four invasive, deciduous species of Tamarix spp. then annually 
defoliate and, through decomposition, deposits the salts on the soil surface.  After the 
salts have been deposited on the surface, the increased salinity inhibits other plants from 
becoming established under the Saltcedar stand (Di Tomaso, 1998).  As a result, a dense 
stand progresses to a monoculture with problematic characteristics.   
 
Impacts to Wildlife 
 
 
 Saltcedar impacts wildlife in a variety of ways.  The first and most detrimental is 
the loss of water.  Saltcedar has been known to suck dry entire streams, ponds, and 
springs (The Nature Conservancy, 2005).  The second way wildlife is impacted is being 
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physically barred from the water source.  Large mammals will possibly change 
migrations patterns due to the ease of access to water.  If Saltcedar inhibits mammals 
water consumption, they will go elsewhere for their water needs.  A monoculture of 
Saltcedar has a different understory climate.  These changes have affected the nesting of 
many small birds and mammals.  Also low water flow can affect fish.   
 
Recreation 
 
 Outdoor recreation is also affected by Saltcedar.  Each effect Saltcedar has on a 
wildlife species is paralleled by an effect on human recreation associated with the species 
(i.e., hunting, fishing).  Logic suggests that rafters, canoeists, and other river users, have 
had to change recreational use patterns of the river in order to adjust to Saltcedar. 
 
Agriculture 
 
 Agriculture is also affected in two main ways by Saltcedar:  physical land use and 
water use.  Any piece of land that is occupied by Saltcedar cannot be used for any more 
profitable ventures.  Water use is also a growing concern among irrigators.  Someone 
who has a high level of Saltcedar evapotranspiration on their property is sacrificing 
potential water availability to themselves and others in the watershed.    
 
Problem Statement 
 
 
 The USDA defines an invasive species as an alien species whose introduction 
does or is likely to cause economic or environmental harm or harm to human health.   
 The primary issue of concern with Saltcedar is its economical impacts.  Saltcedar 
causes economical harm by consuming water resources that otherwise have a higher 
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economic value.  The natural resources most affected by Saltcedar are land and water.  
The effects that Saltcedar has on land resources are primarily spatial effects.  While 
Saltcedar occupies land, no other land use can be derived.  Likewise, water used by 
Saltcedar cannot be allocated to any other resource.   
 Saltcedar differs from native vegetation in many ways that may have severe 
economic, environmental, and social implications. 
 
Acres Affected in the United States 
 
 Saltcedar is an aggressive species which has the ability to adapt and tolerate a 
wide variety of climate (i.e. conditions) in the American West.  The map presented in 
figure 1.1 shows Saltcedar’s distribution in the United States as recently as 2000.   
 Saltcedar’s ability to adapt and tolerate such a wide array of climate conditions, 
coupled with the anthropogenic changes in the water resources of America, have lead to 
an escalating threat of more widespread Saltcedar invasions.  Figure 1.2 presents a map 
of the United States that reports areas of “acceptable” habitat for Saltcedar.  While 
Saltcedar may or may not already inhabit the area, these areas (darker green) have a high 
probability of future Saltcedar infestations if no preventative action is taken.  
 
Acres Affected in Utah 
 
 Saltcedar is a tenacious adversary.  Before its agronomic characteristics were fully 
realized, it was released for domestic use and spread to other suitable areas throughout 
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Figure 1.1.  Current Saltcedar infestation in the United States 
Note:  Map compiled by Erika Zavaleta and reported in Zavaleta (2000).  
 
 
 
 
Figure 1.2.  Saltcedar habitat suitability map 
Note:  Map complied by Morisette et al. and reported in Morisette et al. (2006).  
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the West.  However, Utah is of specific interest because it was the starting point of the 
Saltcedar invasion (see figure 1.3).  The need to now look more critically at Utah’s 
Saltcedar situation includes lack of knowledge and information for landowners, and in 
some cases, the inability, or unwillingness, to combat Saltcedar effectively.   
 In some of Utah’s watersheds, Saltcedar is a ½ mile blanket on each side of the 
main river.  Saltcedar’s geographical expansion is a problem that is showing no signs of 
recession.  In the 1920s, there were less than 10,000 acres infested in the United States.   
 
 
 
 
Figure 1.3.  Saltcedar invasion in Utah 
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The number of acres infested increased to 1.3 million in the 1970s, and continued to 
increase to 1.4 million in 1987, and over 1.6 million acres are infested today.  
 
Need For Economic Valuation 
 
 Economic valuation is needed to evaluate whether the resources used by Saltcedar 
have an opportunity cost great enough to justify alternative treatment methods used to 
eradicate Saltcedar.   
 Because of the negative resource use effects of Saltcedar, landowners and others 
are taking a stand.  Persuaded by expectations of high opportunity costs, landowners are 
employing numerous methods of treatment.  But, little may be actually known about the 
economic costs and benefits of these treatment methods.  Without good information, 
landowners and others may be utilizing methods of treatment that are ineffective or do 
not deliver the benefits to justify the cost incurred.  By knowing the monetary costs of 
treatment and recognizing risks associated with each method, this will allow decision 
makers to make educated decisions about what types of treatment to use based upon the 
expected net benefits. 
 Most of the scientific work concerning Saltcedar has emphasized biological 
impacts.  Essentially no work has been done about the economic issues of managing this 
plant.  Two interrelated areas are suggested in the literature.  The first emphasizes actions 
that might be taken to reduce or reverse the expansion of Saltcedar (fewer acres and/or 
reduced densities).  The second general area involves how to manage an existing stand of 
Saltcedar.  Both general areas have implications that have not been scrutinized from an 
economic point of view.  
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Objectives 
 
 
 The main objectives of this research are to:  (1) outline the costs of alternative 
treatment methods, (2) outline the costs of not treating a Saltcedar population, 
(3) investigate costs of reclaiming land that were previously Saltcedar monocultures, and 
(4) estimate net benefits of Saltcedar management.  
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CHAPTER 2 
 
LITERATURE REVIEW 
 
 
Biological Facts 
 
 
 Saltcedar has been labeled as a noxious weed in most western states, as well as 
having a bad reputation with landowners, water conservationists, recreational river users, 
and many others.  But why is Saltcedar labeled this?  Is Saltcedar really detrimental to its 
immediate environment? Reports of excessive water use, the ability to translocate salts, 
and associated ecosystem changes have allowed the entire species of Saltcedar to become 
a perceived annoyance.  
 
Water Use 
 
 Is the amount of water that Saltcedar consumes enough to be concerned about?  
Many of the studies which quantify water waste attributed to Saltcedar are older and 
based on data collected in the late 1950s and early 1960s.  While the data and the 
scientific methods used to collect the data may be older, this alone is no reason to 
discredit the data in any way.  
 Determining Saltcedar water use characteristics first requires estimates of how 
much water Saltcedar uses.  Two of the better studies addressing this concern are by 
Criddle et al. (1964) and Van Hylckama (1974).  These two studies contain quantified 
water loss measurements. Both studies use similar methods to quantify 
evapotranspiration.  Criddle et al.’s (1964) study uses single specimen evapotranspiration 
tanks and Van Hylckama’s studies uses larger multi specimen tanks.  Evapotranspiration 
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simply means any method of measuring water loss by evaporation and consumption by 
other plants.  Another study that quantifies water loss was produced by Great Western 
Research Inc, and authored by Brown (1989).   
 A study done by Criddle et al. (1964) gives insight of an average individual 
Saltcedar specimen to an average individual native species comparison.   
 This study is of particular interest because it allows a comparison between water 
use of Saltcedar, replacement vegetation, and forage.  This study compared typical 
specimens of Saltcedar, Black Willow, Dwarf Willow and Alfalfa planted singly in round 
tanks 2½ feet in diameter.  The data collected were both daily and monthly in vertical 
inches, for three consecutive years.  The full year of data collected in 1957 was evaluated 
and the yearly consumptive totals are presented in table 2.1.  
 One can see from table 1.1 that water use by a single specimen of Saltcedar does 
not appear to use as much water as any of the other three test species.  This study 
suggests that in a tree-to-tree comparison, Saltcedar uses no more water than the native 
vegetation.   
 
 Table 2.1.  Water Use by Five Species of Plants as  
 Reported in Criddle et al. (1964) 
     
 
   Water Used 
  Plant Species (vertical inches) 
     
 
  Tamarisk 32.36 inches/hr 
  Black Willow 35.33 
  Dwarf Willow 33.64 
  Alfalfa 42.45 
  Saltgrass 27.70 
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 While vertical inches of water used can be used in a tree-to-tree comparison, it 
does little in terms of volume use per area (density). Each tank in this study was 706.86 
in2.  By considering the area of the tank, it can be deduced in the following manner, each 
vertical inch of water use is .409 ft3.   
 
2.5 ft diam. x 12 / 2 = radius inches 
15 x 15 x ∏ = 706.86 inches2 
Each vertical inches of use = 706.86 inches3 
1 ft3 = 1728 in3 = 7.48 gals 
Therefore, 
(706.86 in3 / 1728 in3) = ( α / 7.48 gals) 
α = 3.056 gals  
 
 By knowing 1 ft3 of water equals 7.48 gallons, each vertical inch of water use will 
be 3.056 gallons of water use.  Vertical inches reported in the study converted into 
gallons of use per time period are shown in table 2.2 below.  
 The tabular values relate water use for a comparison among the species and are 
interesting in terms of the Saltcedar reputation of excessive use. While this information 
 
 Table 2.2.  Gallons of Water Used by Five Species of  
 Plants 
      
 
      Volume Water Use 
     
  Tamarisk 98.89 gal/yr 
  Black Willow 108.06 
  Dwarf Willow 102.80 
  Alfalfa 129.73 
  Saltgrass 84.65 
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may seem of limited value because of the single tree focus, these estimates may provide 
some insight for determining the total amount of water used by Saltcedar in a certain 
area.  Inspecting the data in volume reveal that the data are congruent with other water 
use estimates.   
 By using the data in the Criddle et al. (1964) study and extrapolating water use 
from a per-tree basis to a per-acre basis a more useful measure of water use per acre can 
be made.  Then dividing the vertical inches of water use by 12 will result in acre feet of 
water used at a density of one tree per 4.90 ft2.  If a stand of Saltcedar has reached a 
density of one tree per 4.9 ft2, the gallons and acre ft per year of consumed water are 
shown in table 2.3:  
 The information reported above is assuming each species grows to the density of 
one tree per 4.9 ft2.  This may be possible for Saltcedar and perhaps not others.  
 A study, similar to Criddle et al. (1964), done by Van Hylckama (1974) was 
conducted on the Gila River in south-central Arizona.  The Saltcedar stand was 
 
Table 2.3.  Acre Feet of Water Used by Five Species of Plants 
     
 
Acre-Feet Water Use 
     
 
Density = 1/4.90 sq ft 
 gal/yr gals/ac/yr ac ft/yr 
Tamarisk 98.89216 879131.52 2.698139 
Black Willow 107.96848 959818.19 2.945775 
Dwarf Willow 102.80384 913905.58 2.804864 
Alfalfa 129.7272 1153248.90 3.539432 
Saltgrass 84.65 752521.57 2.309561 
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considered to be a very dense well-established stand.  The evapotranspirators used in the 
study were six excavated pits that measured approximately 9 m long x 9 m wide x 4.25m 
deep (or 871.87 ft2).  The pits were lined with plastic and an artificial plumbing system 
was installed to measure and treat water conditions.  The tanks were then planted with 25 
crown cuttings of healthy average Saltcedar vegetation (one plant to 34.87 ft2).  All of the 
plants were trimmed to about 2 feet in height and planted.  The surrounding area was 
planted in a similar pattern to depict representative natural plants in the study area.  
 The water levels in the six pits were held constant at different levels to simulate 
different groundwater depth in hopes of measuring the correlation between groundwater 
depth and water consumption.  Table 2.4 outlines the water depth and water use in the 
years 1961, 1962, and 1963.   
 If Saltcedar is growing in a density similar to the Gila River study density 
(1 / 34.87 ft2), a water use estimate for an acre of Saltcedar can be computed:   
 
Table 2.4.  Gila River Study Data, Water vs. Depth to Water Table (yearly 
water use in vertical inches) by Tamarisk (Van Hylckama, 1974)  
            
 
            Tank Number         
  3 5 4 1 2 6  
Depth to water table (in) 59 59 83 83 106 106 
  Water use in 1961 78.29 78.54 55.53 57.23 41.22 42.52 
  Water use in 1962 85.93 87.26 53.92 59.11 36.91 37.07 
  Water use in 1963 89.17 90.03 62.78 64.28 34.02 36.35 
 Mean 84.46 85.28 57.41 60.21 37.38 38.65 
 Average 60.56 
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Ave. pit water use / 12 vertical inches = ave. acre ft. of water used 
60.56 / 12 = 5.046 acre ft 
Table 2.5 reports values from all six tanks of the Van Hylckama study (1974).  
 The two studies by Criddle et al. (1964) and Van Hylckama (1974) are somewhat 
contradictory.  The study by Criddle et al. (1964) states that at a density of 1 tree every 4 
square feet, Saltcedar uses 2.71 acre feet of water per year, while the study by Van 
Hylckama (1974), which uses a lower tree density, indicates that Saltcedar uses anywhere 
from 3.1 to 7.1 acre feet a year.  These differences could be related to several features of 
the two studies. Differences could be attributed to differences in water table levels, as 
well as the possible dwarfing of the specimens due to confinement.  Difference may also 
be attributed to the large differences in the age and condition of trees studied.  The study 
by Criddle et al. (1964) used mature trees placed in containers, while the Van Hylckama 
(1974) study used trees that had been cropped and were actively regenerating new 
growth.  For this study, water use by Saltcedar was assumed to be between 2.7 to 7.1 acre 
feet of water per year.  This study also assumed that this relationship was inversely 
related to the water table depth.  The deeper the water table, the less water is utilized.  
Figure 2.1 was derived from the Van Hylckama (1974) study and illustrates this 
relationship.  
 
Table 2.5.  Yearly Water Use by Tamarisk (ac ft), Gila River Study (Van Hylckama, 
1974) 
             
 
     Tank Number     
  3 5 4 1 2 6  
Depth to water table 59 59 83 83 106 106 
  Mean in inches 84.46 85.28 57.41 60.21 37.38 38.65 
  Acre ft/year 7.0386 7.1064 4.7842 5.0172 3.1153 3.2206 
  Gallons/year 2,393,382 2,315,466 1,558,819 1,634,755 1,015,047 1,049,350 
         
 16
 
 
 
 
 
 
  
 
 
 
 
 
   
Figure 2.1. Water-use to water table depth relationship  
(Van Hylckama, 1974) 
 
This water-use assumption should encompass most known studies of consumptive use of 
Saltcedar. 
 A study entitled Economics of Harmful and Beneficial Aspects of Saltcedar, 
published by Great Western Research, Inc (GWR hereafter) (Brown, 1989), supports the 
estimates noted above.  This study summarizes many different studies conducted 
throughout the western states, many of which are at different altitudes and different water 
table depths.  This study divides stands of Saltcedar into three separate density classes 
based on canopy cover of Saltcedar per area, light (less than 10%), moderate (10-30%), 
and dense (more than 30%).  These classifications and gradients of density support the 
assumption that water use by Saltcedar increases as density increases.  The averages of 
densities and water use for classifications are reported in table 2.6 below.   
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Table 2.6.  Water Use by Saltcedar as Reported in the Study 
by GWR 
          
 
        Average Water Use (Ac Ft) per Acre by Density of Stand 
State  Light Moderate Dense 
          
 
Arizona 1.348 2.875 7.259 
California 1.666 3.666 9.016 
Colorado 0.634 1.222 3.071 
Idaho 0.941 1.861 5.000 
Kansas 1.303 2.763 7.008 
Montana 0.844 1.649 4.415 
Nebraska 1.303 2.763 7.008 
Nevada 1.040 2.140 5.489 
New Mexico 0.669 1.294 3.295 
Oklahoma 1.485 3.215 8.012 
Oregon 0.941 1.861 5.000 
South Dakota 1.122 2.312 6.004 
Texas 0.994 1.973 5.101 
Utah 0.657 1.268 3.215 
Wyoming 0.543 1.039 2.495 
     Average 1.033 2.127 5.426 
     
 
 
 The above water-use averages are, in part, dependent on the availability of water 
in the area collected, environmental conditions, and the depth of the water table.  In the 
paper by GWR (1989), 74.1% of the studies collected that stand density was moderate or 
dense.  This observation is evidence of Saltcedar’s capability to become a monoculture.  
Also reported by GWR (1989) are the estimates of water consumed at various altitudes.  
The relationship between elevation and water use is shown in figure 2.2.   
 This figure shows that as elevation increases, water use decreases.  Data found in 
the GWR study (1989) also illustrates that the greatest use of water is when the water 
table is below 5 and 6 ft below the surface.  The range of water use at 500 ft of elevation 
 18
 
 
 
Figure 2.2.  Water use to elevation relationship 
 
 
is between 10.81 ac ft and 3.10 ac ft, and the range at 5,000 ft of elevation is between 
3.01 ac ft and 1.50 ac ft.  These estimated averages are consistent with the both 
previously reviewed studies.  
 
Salinity 
 
 The salt accumulation and defoliation cycle which Saltcedar goes through 
increases the salinity of the surface soil enough in the immediate area to deter other 
plants from becoming established.   
 An analysis of leaves and stem parts in a study conducted by Hem (1967) shows 
that four ions, calcium, sodium, sulfate, and chloride, make up 5% to 15% dry weight of 
the leaves.  From 54.6% to 77.9% of the inorganic solids present in the leaves and stems 
Water use by Saltcedar, depending on elevation, at various water table 
depths, as reported by Great Western Research
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are made up of sodium and chloride.  These two ions are responsible for most of the salts 
in soils in the West.  When leaf dry matter (made-up of 10% salts) is deposited on the soil 
surface and each defoliation cycle deposits more salinifying ions, a major soil structural 
change is possible.   
 As the surface of the soil becomes more saline, two changes occur:  first, 
flocculation increases, and, secondly, osmotic tendencies change.  Flocculation is a result 
of charged ions bonding together to form tight aggregates (floccules).  This ultimately 
results in a horizontal barrier, which does not allow water to percolate to the sub-surface 
layers.  When soil is not able to hold water runoff, more flooding can be expected.  The 
second change, changes in osmotic tendencies, results in dehydration of any seed 
attempting to survive.  When a seed is deposited in the highly saline soil, the water in the 
seed is extracted by salt ions in the soil thus not allowing germination to occur.  
 
Aggressiveness 
 
 The adaptive characteristics of Saltcedar, drought tolerance, and salt translocation 
have made the riparian areas in the West an ideal environment for establishment.  These 
three characteristics have made Saltcedar a successor of natural vegetation.   Amplified 
by man-made changes in river systems and water flows, Saltcedar has begun to 
outcompete natural vegetation for precious land and water resources.  Evidence 
supporting the aggressive propagation abilities that Saltcedar enjoys comes from personal 
communication with Dr. Ralph Whitesides (personal comm. 2006-2007).  In conjunction 
with another project, Dr. Whitesides clipped and transplanted 150 stems of Saltcedar.  Of 
the 150 samples, 132 sprouted and took root within 60 days (88% propagation rate).  
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Each of the cuttings was planted in ordinary greenhouse sand with no organic material 
present.   
 
Wildlife Displacement 
 
 Another drawback of Saltcedar is the possibility of disruption of wildlife habitat 
values.  The species of animals that Saltcedar may have the biggest habitat impact on are 
large mammals, such as deer and elk.  These mammals use the riparian areas as a water 
source.  As Saltcedar invades and chokes out native vegetation, utilization of the water 
source becomes physically more difficult for larger mammals to traverse.  This physical 
barrier to the water source may have the potential to influence and change migration 
patterns of these larger mammals.  
 
Treatment Alternatives 
 
 
 There are many ways to treat Saltcedar.  Much like any other pest species, 
Saltcedar can be treated using physical treatments, chemicals, mechanical treatment 
methods, and biological agents.  Each treatment method is potentially an effective 
treatment method, but each method also has drawbacks.  The four treatment methods can 
be used separately or in conjunction with one another.  Using these methods together may 
reduce costs as well as risk, while offering better treatment.  
 While the methods discussed in this paper are limited and are not the only 
methods for Saltcedar treatment, these methods discussed are the ones that have the most 
data about their process, cost, and effectiveness.  Other methods may also prove effective 
against Saltcedar.   
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 Attempting to derive a tangible monetary cost of each method of treatment will 
require assumptions and estimations.  The costs of treatment will be heavily dependent on 
the characteristics of a stand of Saltcedar.  These factors include: area size, density, 
maturity, accessibility, time constraints, and skill level of the labor required.  Each 
method of treatment has both fixed and variable costs associated with it.  Some methods 
have a higher start-up cost while others may have a higher per-tree cost.  The size of the 
area and intensity of infestation are expected to have the largest impact on determining 
which treatment methods are feasible.   
 Each of the treatment methods that have been used to manage Saltcedar may use 
specialized tools.  Tools that can be commonly found in use on a farm or ranch will be 
assumed to already be owned by the landowner and, therefore, not included in the price 
of treatment method (i.e., sprayers, chainsaw, tractor, bushhog).  Specialized equipment 
such as bulldozers and track-hoes are not assumed to be in current use on the common 
farm or ranch and, thus, have rental costs associated with their use. 
 
Physical Treatments 
 
 
Fire 
 
 Fire treatment, better known as controlled burn, prescribed burn, or broadcast 
burn, is an attractive option to treating Saltcedar.  It is commonly viewed as a natural 
solution and is used in many land management plans.   
 Fire is a very unique treatment method.  While the actual fire is a relatively hands-
off operation, preparation and management require specialized skills and development.  
Like any other treatment method when not applied properly, fire can be a problem.   
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 In relation to other means of treatment, fire is relatively inexpensive.  The costs 
incurred by a treatment burn are not the cost of the fire but the cost of materials and labor 
needed to properly harbor and manage the fire.   
 In order to use fire to treat Saltcedar several steps must precede the treatment 
burn.  Depending on the type and size of area to be burned, fire breaks and desired fuel 
load need to be established.  Fire breaks will allow containment of the fire and fuel load 
will determine the intensity and speed the fire will burn.  This is usually accomplished 
using some form of mechanization.  By depending on the tools used to accomplish this 
will determine the increase in cost (bushhog, bulldozer, chaining, etc.) 
 
Flooding 
 
 The second physical treatment agent, water, is used in flooding an acre of 
Saltcedar.  As one can imagine, this method is heavily dependent on the availability of 
water.  Because Saltcedar habitat is usually in the arid West, where the opportunity cost 
of using water for such means is high, this method is usually forgone.  In several studies 
done in the late 1990s flooding showed to be effective only during long periods of time 
(70 days to 28 months) (Gladwin and Roelle,1998; Sprenger, Smith, and Taylor, 2001; 
Sprenger, Smith, and Taylor, 2002).  Another study done on the Salt River in Arizona 
determined that if the Saltcedar seedling was past the age of 12 weeks, it could survive 
even after 6 weeks of submergence (Horton, Mounts, and Kraft, 1960).  According to this 
study, after a single growing season of 3 months, a Saltcedar stand can survive prolonged 
flooding.  Saltcedar develops tolerance to flooding apparently around the 10th to 12th 
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week of growth.  Several studies have found that even after flooding, well-developed 
Saltcedars re-foliate.   
 As reported by Sprenger, Smith, and Taylor (2001), flooding may not be a viable 
option if cottonwood seedlings are present.  Cottonwood seedlings have a higher 
mortality rate than Saltcedar seedlings in the same period of flooding.  
 
Chemical Treatments 
 
 Chemical treatment of Saltcedar consists of any herbicide used to combat 
Saltcedar.  Herbicides are used to combat Saltcedar in a variety of ways:  foliar 
application, basel application, and cut-stump application methods.  Possibly the easiest 
and most common application technique of herbicide is foliar application.  Foliar 
application can be done in a number of ways depending on size of the area to be treated, 
how thorough the treatment must be, and how many nontarget plants are in the area.  The 
most common options for foliar application include using a hand sprayer or aircraft.   
Hand sprayers are more specific to small tracts of Saltcedar where selectability is needed.  
Two types of aircraft can be used to apply herbicide to larger monocultures of Saltcedar.  
These are either fixed-wing aircraft (airplanes) or rotary wing aircraft (helicopters).   
 Of the biological research reviewed, two formulations of herbicide were 
discussed.  Imazapyr and Triclopyr are the chemical names that are most common and 
most effective against Saltcedar.  Imazapyr, brand name Arsenal, and Triclopyr Amine, 
brand name Garlon 3a, have been shown to be more environmentally friendly and more 
effective against Saltcedar than any other chemicals.  
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 Treatments with Imazapyr will be split into two distinctions:  Imazapyr (HS) to 
denote Imazapyr sprayed with a hand sprayer, and Imazapyr (AS) to denote Imazapyr 
sprayed by aircraft.  Likewise, Triclopyr will be denoted with Triclopyr (HS) and 
Triclopyr (AS) for hand sprayer and aircraft sprayed.  
 
Imazapyr 
 
 Imazapyr is a foliar application herbicide produced by BASF (BASF, 2006).  This 
herbicide has low toxicity to birds, fish, and small mammals (USDA, 2005).  Imazapyr 
has been shown to be effective against Saltcedar, producing up to 100% treatment in 12 
months (Richards, 2006).   
 
Triclopyr 
 
 Triclopyr is also a foliar application produced by Dow Chemical.  While not as 
effective against Saltcedar, it has promising results of 60% treatment over 12 months.  
This herbicide may be best applied as a follow-up treatment.  While more toxic to birds 
than Imazapyr, Triclopyr is rapidly degraded by sunlight (USDA, 2005).  
 A recent study by Richards (2006) discusses the treatment methods of both 
Imazapyr and Triclopyr. This paper outlines the needs of labor, herbicide, and time, while 
evaluating the use of both Imazapyr and Triclopyr.   
 This study was done by using the hand spraying foliar application and evaluating 
16′ x 16′ plots.  The plots were chemically treated using the same proportion solution of 
both Imazapyr and Triclopyr.  Both were sprayed at .12 liters of herbicide per plot (1% 
solution).  The plots were sprayed until wet (about 1 min.).  The plots were then 
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evaluated at 5, 12, 17, and 24 months.  After 12 months Imazapyr outperformed Triclopyr 
in terms of percentage of dead plants by almost 200%.   
 An acre (43,560 sq. ft.) is chosen as a common area of measurement, and there 
are about 170 16′ x 16′ plots within an acre.  
 
Other Herbicides 
 
 Other herbicides included in the herbicidal crusade against Saltcedar are 
Glyphosate (Roundup), Metsulfuron Methly (Escort), and Fosamine Ammonium 
(Krenite).  However, for various specific reasons these have not been widely used 
(USDA, 2005).   
 The main problems when selecting an herbicide for use on Saltcedar is efficacy, 
but Saltcedar tends to grow in close proximity to water, and a herbicide that is safe for 
application near water must be selected.  A new herbicide, Habitat, produced by BASF 
(2006), is approved for use in and around water.  While no refereed data has been 
produced concerning the efficacy of habitat on Saltcedar, it shows promise for future use 
(BASF, 2006).  
 
Mechanical Treatments 
 
 
Hand Cutting 
 
 The first mechanical treatment method is hand cutting.  Hand cutting is a generic 
term for chainsaw or loppers use.  This method is comprised of a skilled worker using a 
chainsaw and manually cutting through the Saltcedar stand.  This method is extremely 
thorough and labor intensive.  This method and the costs associated are highly dependent 
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upon density of stand, the skill of the laborer, and size of area to be treated.  This 
treatment method is usually used for very small invasions of Saltcedar, which can be 
observed and managed.   
 Hand cutting is an effective treatment in the short run.  Total defoliation is 
achieved but not maintained.  It is thought that Saltcedar may achieve a higher foliar 
cover in the growing season immediately following the hand cutting.  The tree that was 
cut may regrow with characteristics of a bush with a significantly increased canopy cover 
density.   
 
Bush Hog 
 
 Bush-hogging, sometimes referred to as mowing or shredding, requires a tractor 
outfitted with a rotary cutting implement.  The operator drives the tractor over the stand 
of Saltcedar shredding everything in its path.  Due to the nature of this treatment method, 
bush-hogging is used for immature stands of Saltcedar.  Rotary cutters are only effective 
on small trees (less than 1 inch in diameter).  Because the tractor must drive over the 
Saltcedar, bush-hogging is not used for large trees.   
 
Bulldozer 
 
 Bulldozers are one of the most commonly used treatment methods in southern 
Utah.  It is also thought to be one of the most effective methods and is viewed as an all-
in-one treatment.  The concept of using a bulldozer to treat Saltcedar involves scraping 
the ground to clear the above-ground debris, while pulling a root rake to rip and pull the 
roots to the surface.  As one can imagine, this requires a heavy duty bulldozer.  The 
process does not end here; the debris must be piled and burned.   
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 Miner (personal comm. 2006) reported that he expected 5 to 7 acres of Saltcedar 
being reclaimed per day with a bulldozer.  As with any other machinery operation, there 
are many variables that affect the speed of a reclamation project.  
 
Biological Treatments 
 
 
Goats 
 
 The first biological agent that has been employed to combat Saltcedar is goats.  
Boer goats, used for meat production, are usually the goats used.  These goats have been 
used in several studies to target invasive weeds in general.  
 The first study was enacted by the Utah Department of Transportation, in an effort 
to reduce the density of invasive weeds on the Legacy Nature Preserve.  This project, as 
reported by Van Eyck (2006) is being enacted as a precursor to the Utah Department of 
Transportation’s (UDOT) Legacy Highway Project.  The environmental consultants 
working on the job are suggesting that goats may be an alternative treatment method to 
herbicides.  On the 2,100 acre preserve, 750 goats were released and were able to treat 
one acre of invasive weeds in 10 days.  While Saltcedar is not one of the specified species 
in the report, it is known to grow on the Legacy preserve and is targeted by the program.   
 The second study testing biological treatment of goats and their effectiveness was 
conducted by Richards (2006).  This study provided a scientifically based assessment of 
goats for Saltcedar treatment.  The study used 16′ x 16′ pens situated around Saltcedar 
plants representative of the surrounding population.  Between 10 and 12 goats were 
allowed to feed in the study plots for 70 hours at different increments over a 4-month 
period.  This timing was chosen to simulate natural grazing by Boer goats.   For 
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comparison, it was assumed that 11 goats were released in each of the pens.  To treat an 
entire acre at this intensity, approximately 1,900 goats would be required.  To account for 
resting, it is assumed that the goats will take 6 days (70 hours) to treat an entire acre.   
 The intensity of treatment is an important aspect of the latter study.  Cost of 
treatment is only explicative in a time series.  Goat treatment is not a one-time 
application, it is ongoing.  For goat use, percentages of treatment and variance are 
reported below.  
 
Saltcedar Beetles 
 
 The last method of biological treatment is relatively new.  Saltcedar Leaf Beetles 
(Diorhabda elongata) are beginning to exhibit capabilities of long-term treatment of 
Saltcedar.   
 These beetles originated in Eurasia, and have been released in several sites around 
the southwestern United States.  While these releases are small compared to the degree of 
Saltcedar infestation, the beetles have shown great promise.  Saltcedar Leaf Beetles have 
the ability to spread without redistribution.  In some of the preliminary release sites, the 
beetles have been found several miles away from the release site (Tamarisk Coalition 
Conference, 2006).   
 The number of studies that have monitored the impact of the beetles is limited.  A 
study near Lovelock, Nevada, suggests that the beetles have high potential for treating 
Saltcedar.  Defoliation of Saltcedar is present in a 10 mile radius after only 4 years 
(USDA, 2005).  Other sites have not had quite as much success but show promise for the 
future. 
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 Three authors, J. Deloach, T. Dudely, and R. Carruthers, have done most of the 
work on the efficacy and biologics of Diorhabda elongata. 
 Introducing a new biological treatment agent is a risky business.  However, new 
technologies allow better pairing of biological agents and pests.   
 
Economic Evaluations of Treating Saltcedar 
 
 
 Only two studies are found that evaluated the economics of treating Saltcedar.  
Both studies, The Economic Value of Treating and Invasive Shrub (Zavaleta, 2000) and 
Economic Analysis of Harmful and Beneficial Aspects of Saltcedar (Brown, 1989) focus 
on a nationwide quantification of losses to Saltcedar.  Neither of these studies focused on 
Saltcedar treatment from the position of a landowner.  This thesis will focus more on a 
microeconomic application of cost/benefit analysis in order to examine feasibility of 
treatment based on net benefits accrued.  While social net benefits are important, this 
thesis will concentrate on defining incentives for single landowners to treat Saltcedar.  By 
making the personal benefits apparent to landowners, social benefits will accrue therein.   
 The biological aspects of Saltcedar could have many economic consequences.  
Quantification of net benefits of treating Saltcedar may allow justification for the 
treatment method used.  This analysis should incorporate a risk management decision 
tool which will allow individual landowners to evaluate personal land management 
programs.  This thesis will strive to evaluate the cost of each treatment method based 
upon risk and effectiveness.  The literature has revealed that some commonly used 
treatment practices have undesirable repercussions or are very costly.  Whether the 
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reasons for using these treatment methods are political, environmentally based, or simply 
misinformation, this thesis will attempt to explore the validity of each treatment method.  
 Many economic studies have evaluated elimination or reduction of other 
undesirable species.  Sagebrush, juniper, purple loosestrife, and mesquite are a few of the 
species that have been evaluated.   
 Most economic pieces dealing with the costs and benefits of these invasive 
species are quantifications on a macro level (e.g., Zaveleta, 2000; Lewis et al., 2006).  
This thesis is oriented toward a micro, firm level application of Saltcedar treatment.  The 
general methodology concerning the analysis of rangeland improvements is outlined by 
Nielson (1977).  
 Torell, McDaniel, and Ochoa (2005) researched the economics of sagebrush 
treatment.  Their research is based on the marginal benefits accrued from sagebrush 
treatment.  While the principle is the same, the application to Saltcedar is different.  
Torell, McDaniel, and Ochoa (2005) convert sagebrush treatment efforts to additional 
profit from cattle grazing.  This thesis will relate Saltcedar treatment to additional 
available water and other positive environmental aspects resulting from Saltcedar 
treatment.   
 Problems that are unique to Saltcedar treatment are that Saltcedar greatly affects 
water, and land that Saltcedar inhabits may not be profitable.  These two problems are 
discussed minimally in other invasive species.  Some studies (Torell, McDaniel, and 
Ochoa, 2005) discuss water use briefly.  Most other studies on invasive species, such as 
purple loosestrife and mesquite, speak of treatment with hopes of regaining profitability 
of livestock from the land.  Saltcedar grows in many areas in which the opportunity cost 
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of Saltcedar’s land occupation may come from a variety of alternative uses.  These uses 
could include, but are not limited to, grazing, cropping, and recreation.  
 
 32
CHAPTER 3 
 
ECONOMIC EVALUATION 
 
 
Each landowner is faced with numerous decisions each day.  Whether the 
decision is simple or complex, each decision uses some form of cost/benefit analysis.  A 
landowner’s decision about how to treat natural resources utilizes a form of decision 
analysis that assesses net benefits.  Dealing with natural resources is a dynamic area in 
which the landowners decisions today can affect productivity into the future.  Managing 
or not managing Saltcedar is a decision that could potentially have consequences far into 
the future.   
 
Economic Model 
 
 
The main objective of this thesis is to develop an economical comparison between 
cost and benefits of Saltcedar with and without treatment.  An extended form of 
cost/benefit analysis will be used to compare treatment methods and compare them with 
opportunity costs associated with the status quo.  This will be a cost/benefit study to 
determine the feasibility (if it is feasible) to enact a management project to treatment and 
eradicate a Saltcedar population.   
 
Cost/Benefit Review 
 
 
Cost/benefit analysis is an intuitive economic comparison and one of the most 
common forms of decision analysis.  With simple decisions the cost/benefit analysis can 
be applied instantaneously and a choice can be made.  Net benefits (consequences) can be 
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easily quantified.  However, as the cost/benefit analysis becomes more expansive, the 
elements become more difficult to quantify.   
Cost/benefit analysis, while instinctively thought of as a finance tool, has a 
background rooted in welfare and resource economics.  As far back as the early 1900s, 
the federal government employed the cost/benefit analysis to determine public utility and 
justify public projects.  The general idea, first published by Kaldor (1939) was that 
beneficiaries should be able to compensate those who pay the cost.  By taking the Pareto 
criteria one step further, Kaldor determined if the utility of the winners (beneficiaries) 
cannot compensate the losers (the individuals accruing the costs), then the activity should 
not be undertaken.  To make an intuitive comparison between the parties involved 
requires the quantification of the parties’ value of utility. Attempting to attain a 
comparable, tangible value of utility for all parties concerned incorporates a more modern 
view of cost/benefit analysis.  
Young (2005) defines cost/benefit analysis as “a systematic cataloging of benefits 
and costs, valued in monetary units, and determining the net benefits relative to the status 
quo.”  This definition may seem simple, but dissecting it reveals each part has its own set 
of problems.  
Determining the value of net benefits is simply subtracting the monetary value of 
the cost from the monetary value of the benefits.  Because of the intertemporal nature of 
cost/benefit analysis in planning, the cost/benefit analysis must be evaluated in terms of 
the present values. Net benefits are estimated and evaluated relative to marginal changes 
from the current conditions. Benefits and costs are not always inherent and only in a 
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“perfect” world with “perfect” information can anyone detect and quantify all benefits 
and costs.  The status quo is the current state of the particular situation.  
Valuation, a difficult aspect of the cost/benefit analysis definition, is a relative 
term of worth which changes from person to person but may be reflected at the margin by 
market prices.  Nongoods are not traded in open markets and must be valued with less 
direct valuation methods.  One type of nonmarket valuation attempts to assign monetary 
values to nonmarket goods by determining the beneficiaries’ willingness to pay for the 
benefits or a marginal change in the benefits. Other nonmarket values, such as option 
value and existence value, may also be considered.  
A common unit of measurement is required to asses the cost/benefit analysis.  
Other studies have attempted to calculate how much water is lost to Saltcedar.  This loss 
is usually measured in volume (gallons).  Attempting to derive the intrinsic value of this 
water encompasses all aspects of economics.   
 
Cost/Benefit Framework 
 
This thesis will use methods explored in the literature from which the author will 
draw a conclusion about the feasibility of various Saltcedar treatment method.  Articles 
exploring the criteria and methods surrounding cost/benefit analysis have been 
summarized by several authors (e.g., Prest and Turvey, 1965; Williams, 1972; Nash, 
Pearce, and Stanley, 1975; Mishan, 1988).  
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Costs and Methods to Be Estimated 
 
Analysis of the feasibility involves the quantification and estimation of activities 
designed to treat Saltcedar.  It also requires the estimation of the benefits of treating 
Saltcedar.   
 Activities used to treat Saltcedar include labor, herbicide costs, machine rental, 
etc.  The costs that are incurred are contingent on characteristics of the treatment site and 
could vary greatly.   
 Benefits accrued when Saltcedar is treated or eradicated are heavily dependent on 
estimation.  These benefits include water saved, effects on wildlife, effects on agriculture, 
and effects on recreation.  The value of water saved is more finite than the other 
estimations but still depends on the hydrologic estimations of water consumed by 
Saltcedar.  Other benefits will be viewed only as a positive addition to the eradication of 
Saltcedar.  These values encompass aspects of nonmarket valuation and are not necessary 
for this thesis. 
 
Costs 
 
 The cost of a Saltcedar population includes the costs of water lost and costs of the 
treatment method itself.  A portion of this thesis will determine the net costs of 
eradicating a Saltcedar population.  This will be done by adding the value water lost to 
both Saltcedar and revegetation and the cost of the treatment method chosen.  Both water 
use and cost of treatment are contingent upon the efficacy of the treatment method.   
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Benefits 
 
Many authors have discussed and evaluated the biological aspects of Saltcedar.  
This thesis will use the information reported in the literature to evaluate the costs and 
benefits of treating or not treating Saltcedar.  These studies include information about 
water consumption of Saltcedar, Saltcedar’s ability to translocate salts, environmental 
impacts from riparian ecosystem changes, and wildlife displacement.   
We will use the changes in the population of Saltcedar and the resulting probable 
conservation of water to determine the net benefits of treating Saltcedar.  These benefits 
will be compared to the costs of the status quo Saltcedar population to determine if a 
treatment program is economically feasible.   
 
 37
CHAPTER 4 
 
RESULTS AND DISCUSSIONS 
 
 
Direct Costs Associated With Management of Saltcedar 
 
 
Firm level managers are concerned with several questions when faced with any 
problem.  What are the costs of a proposed action? What is the impact of the proposed 
action?  What are the benefits that will be obtained?  This is also true when enacting 
invasive species management programs.  The treatment methods introduced in the 
literature review will be evaluated based upon cost and effectiveness.   
 Management of an invasive species is a multistep process.  The three steps are 
treatment, monitoring, and retreatment.  All three steps require thorough implementation 
for success and are only as effective as the steps before it.   
The initial treatment is the main investment, and improper management could 
render the treatment ineffective in the long run.   
Costs of the treatment methods are estimated variable costs.  The fixed costs of 
these treatment methods are assumed to be associated with some other on-farm venture.  
Tools normally found in a typical farm setting, such as tractors, hand sprayers, 
chainsaws, etc., are assumed to have only variable costs per usage.  This assumption was 
made because all equipment used in Saltcedar treatment will have an association with 
some other farm application and thus be “paid” for by other uses.  Fixed costs of 
equipment not typically found in a farm setting, such as bulldozers and track-hoe 
excavators, are assumed to be in their rental costs.   
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Labor 
 
Labor is associated with most treatment methods.  Some treatment methods 
require different quantities and qualities of labor.  In order to compare each treatment 
method, some assumptions about the cost of labor will be made.  The various qualities 
are assumed to be divided into three categories:  unskilled, skilled, and specialized.  For 
this thesis, it is assumed that unskilled labor will cost $8 per hour, skilled labor will cost 
$12, and specialized labor will cost $20 per hour.  Unskilled labor will be assumed to be 
labor that requires little or no training.  Skilled labor will require some sort of 
specialization (i.e., chain-saw certification, herbicide applicator’s certification, etc.).  
Specialized labor will be defined as any labor that requires training and certification such 
as bulldozer or track-hoe operators.   
 
Risks Associated with Repropagation 
 
 Repropagation is a real risk when treating Saltcedar stands.  Seeds are mobile and 
a reinfestation is probable.  Seeds can stay dormant for long periods of time, they can 
move downriver, and they can be windblown.  Each of these modes of transport 
represents a risk that will require retreatment.  However, this thesis will assume that any 
risk of repropagation is accounted for and nullified by the retreatment of each method. 
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Cost of Treatment Alternatives 
 
 
Physical Treatments 
 
 
Fire Treatment 
 
 It is assumed that fire treatment will cost $.30 to $.45 per acre.  $.30 per acre is a 
treatment burn that uses no mechanization to reduce aerial density; and $.45 per acre is a 
treatment burn that uses mechanization.  These costs are comprised of fuel costs, labor 
costs, and materials.  The total cost for a grassland burn was $1,508.66; and when a need 
for the reduction of aerial density was present, the cost rose to $2,684.06.  These 
estimates were made based on a treatment burn of approximately 5,000 acres (Stevens et 
al., 1997).  If a treatment burn is used on fewer acres, fixed costs are not as dispersed and 
per acre costs will rise substantially.   
 The cost of a treatment burn per acre is an attractive aspect of fire treatment.  The 
regeneration rate of Saltcedar after fire is not so attractive.  Saltcedar is known as a fire-
adapted plant.  This means that after a fire, Saltcedar regenerates faster than native 
vegetation.  The variance of treatment using fire as a primary technique probably renders 
treatment burning of live Saltcedar a useless alternative.   
 
Flooding Costs 
 
 Before flooding can take place, flooding containment facilities must be built.  
This is labor- and machinery-intensive.  A study on Bosque Del Apache reported costs of 
$28,521 - $29,296 (1993 dollars) for the building of dikes, levees, and other water 
management devices for a 150-acre study (Taylor and McDaniel, 1998).  By assuming 
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this type of management has associated fixed costs distributed over each acre, the cost in 
2006 dollars would be $266.46 - $273.70.  This cost per acre will follow patterns of any 
other cost to scale because of the fixed costs incurred.  It is assumed that this is similar to 
and a good estimate for other areas.   
 When flooding, the cost of water is another factor.  The size of area, type of soil, 
topography, and climate will dictate the quantity of water needed.   
The lowest price reported in the literature reviewed was $273.10 for flooding of 
one acre with one acre ft of water.  This estimation makes the assumption that only one 
foot of water is needed and that the water is used after the flooding is completed.  This 
assumption is probably lower than actual costs because estimates of delivery, 
evaporation, leaching, or other water losses will only increase the cost.  
 
Chemical Treatments 
 
 Chemical treatment refers to the application of one or more herbicides to a plant 
using a variety of means.  When using chemicals to treat Saltcedar, there are a number of 
considerations.  Two of the primary questions include, which herbicide is to be used and 
how will it be applied.  
The study by Richards (2006) involved, 16’ x 16’ plots which were adjusted to an 
acre basis, and Imazapyr and Triclopyr were applied to a similar density and at a similar 
1% solution.  The costs for these two chemicals (and application) were $146.44 per acre 
for Imazapyr and $42.68 per acre for Triclopyr.   
When applying herbicide in this fashion (foliar application) there are two ways to 
cover the area.  The first, and what was done in Richards (2006), is by hand sprayer.  This 
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is more labor intensive and requires a skilled labor.  Using the time it took to spray the 
plots in the Richards study, an entire acre would take less than three hours for one person 
to spray (2.8 hours). Assuming skilled labor is $12 dollars per hour, brings an acre of 
spraying to $33.60.  The other option for foliar application is aerial application by fixed- 
or rotary-wing aircraft.  The cost to apply 3 gallons per acre by fixed wing aircraft is $6 
per acre.  If you want to apply more, the cost is $7 per acre to apply 5 gallons per acre.  
These costs were quoted by the Spanish Fork Flying Service (personal comm. 2006), in 
Spanish Fork, Utah, and are assumed to be typical of most air tractor services.  The total 
cost of applying herbicide to one acre is presented in table 4.1 below.   
These values are based on only one acre of application and do not include the 
fixed costs for spraying equipment.  Aerial spray values are lower, but it must be 
recognized that an aircraft operator will have a minimum operating acreage.   
Many of the riparian areas where Saltcedar is found require careful application of 
herbicide because they are adjacent to water.  Several chemical companies sell herbicides 
 
 Table 4.1.  Cost of Two Herbicides 
            
 
   Cost of Cost of 
   Herbicide Labor Total 
       
 
 Imazapyr 
  Hand-sprayed  $146.44  $33.60  $180.04 
  Aerial  146.44  7  153.44 
 
 Triclopyr 
  Hand-sprayed  42.86  33.60  76.46 
  Aerial  42.86  7  49.86 
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that can be sprayed near or on water.  However, more research is required to determine 
their effectiveness at treating Saltcedar and are not included in this study.  
 
Mechanical Treatments 
 
 Mechanical treatment refers to any means of Saltcedar removal in which a 
mechanical action is used.  This category of treatment methods includes hand cutting, 
bush-hogging, bulldozing, and track-hoe pulling.  The labor-intensive nature of these 
treatment methods forces them to be costly.   
 
Hand Cutting 
 
It is assumed that one hand cutter can treat an acre of dense Saltcedar in one day 
(10 hours).  This estimate is variable and based solely on personal knowledge of hand 
cutting and Saltcedar stands.  One acre per day may be a very advantageous goal for a 
single cutter.  For light infestations we will assume an acre can be treated in one hour.  
Based upon these assumptions, hand cutting can cost between $12 (1 hour x $12 skilled 
labor) and $120 (10 hours x $12 skilled labor) per acre.   
 
Bush-Hogging 
 
The effectiveness of bush-hogging is much like hand cutting.  The monetary cost 
of bush-hogging is lower because cutting time is lower.  For this study it is assumed 
bush-hogging costs $12.70 per acre.  This assumption is made because bush-hogging is 
dependent only upon drive time not density.  However, trees per area may not be an issue 
but stem diameter is a limiting factor.  
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The cost of bush-hogging depends on the size of the bush-hog and the size of the 
tractor.  This estimation was made with a John Deere 7460 pulling a 15 ft. John Deere 
Bush-hog.  This tractor will use approximately five gallons of fuel per hour of work.  
Under normal conditions a single operator should be able to cover about 2 acres per hour 
(Pruitt, personal comm.  2006).  This time estimation is based upon personal experience.  
The fuel cost used is $2.68 per gallon for agriculture grade diesel.   
The estimate of $12.30 is just above the average Kansas custom rotary cutting 
price for 2005.  The difference in price may be due to the rising price of farm diesel fuel 
(USDA/NASS, 2005). 
 
Bulldozing 
 
The cost of using a bulldozer to reclaim an area of Saltcedar requires rental cost, 
fuel cost, and operator cost.  It will be assumed that rental cost encompasses all 
ownership costs such as repairs and depreciation.  Rental cost and fuel usage were 
obtained from Wheeler Machinery (personal comm. 2006) and are assumed to be 
representative of most bulldozer rentals.  The fuel usage estimations were collected from 
a Caterpillar specifications manual at Wheeler Machinery (2006).  It was assumed that 
specialized labor is required to operate a bulldozer.  The type of bulldozer was a 
Caterpillar D6 R.  The cost of treating Saltcedar with a bulldozer is reported in table 4.2.  
It is assumed that clearing 5 acres per day is medium work and clearing 7 acres per day is 
hard work (day = 10 hours of work).  This separation is needed because average fuel 
estimates are different.  The fuel price used is $2.68 per gallon. 
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 Table 4.2.  Cost of Reclamation (Bulldozer) 
            
 
   Caterpillar D6 R 
       
 
                 Per Day                             Per Acre               
  Medium Hard Medium Hard 
       
 
 Rental cost  $1,023.00  $1,023.00  $204.60  $146.14 
 Diesel cost  167.50  207.70  33.50  29.67 
 Labor cost  200.00  200.00  40.00  28.57 
 Total  $1,390.50  $1,430.70  $278.10  $204.39 
       
 
 
The above estimates are comparable to cost of reclamation with a bulldozer reported in 
the Bosque Del Apache National Wildlife Refuge in New Mexico (Taylor and McDaniel, 
1998).  The costs reported were between $278.83 and $446.57 in 2006 dollars.   
 
Track-Hoe 
 
 The cost of using a track-hoe to remove Saltcedar is much like the costs 
associated with a bulldozer.  There are rental costs, labor costs, and fuel costs.  The size 
of the track-hoe best suited for Saltcedar removal is similar to a mini excavator.  A 
Caterpillar 305 was used in this thesis. The rental price of a CAT 305 is $344 per day 
(Wheeler Machinery, 2006).  It will be assumed that a track-hoe can completely clear and 
pile 2 acres of Saltcedar in a 10-hour work period.  Fuel consumption is estimated to be 
6-7 gallons of diesel per hour of work.  The total cost of using a track-hoe to remove 
Saltcedar is $289.42 per acre.   
 Fuel usage = 7 gals/hour X 10 hours/day X $2.68 fuel = $187.5 
 Labor   = 10 hours/day X $20 /hour specialized = $200 
 Rental     = $344 
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 Total   = $731.50 
 Total per acre = $731.50 / 2 acres per day = $365.75 per acre 
 
 A track-hoe removes the entire Saltcedar plant including the roots.  By using a 
track-hoe allows treatment and brush disposal to be done in one step.  Burning piles of 
Saltcedar will commonly accompany using a track-hoe, but Saltcedar debris could be 
taken off site.  This would require utilization of a dump truck and thus incur further costs.  
For this thesis, it will be assumed that the Saltcedar debris will be burned on site.   
 
Biological Treatments 
 
 Biological treatment is an inviting topic to many people.  The main idea is to use 
a natural agent to treat the invasive species.  Two main biological agents─goats and 
Saltcedar leaf beetles─are evaluated in this thesis.  
 
Boer Goats 
 
When assessing the cost of goat treatment, it is necessary to look at a goat rental 
cost, the variance of treatment, and the total time to treat the acreage.  The Legacy 
Highway project reports the rental cost of goats for the Legacy Highway project was 
reported in  2005 to be approximately $2 per head per day, which is below the 2005 
market price ($3 quote by Dr. Ralph Whitesides, personal comm. 2006).  The prices of 
goat treatment for the Legacy Highway project are shown in table 4.3.  The Legacy 
Highway did not report any efficacy of treatment.  
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Table 4.3.  Details of Goat Treatment (Legacy Highway) 
            
 
Assortment of Targeted Species 
 Acres to be controlled  2,100 
 Goat rental        $2 per day 
 
Number of Days to Cost per Cost per Cumulative Time 
Goats Control Acre Acre Project for Project (yrs) 
      
 
 750  10  $15,000 $31,500,000  57.53 
 2,000  3.75  15,000  31,500,000  21.58 
           
 
 
Extrapolating Richards’ (2006) study to encompass an entire acre will necessitate 
the use of approximately 1,872 goats per acre.  However, if only 11 goats were used, it 
would take approximately 1,021 days (84 hours feeding 14 hours a day) to completely 
treat an acre of Saltcedar.  This can be deduced because it took 11 goats 84 hours to treat 
1/170 of an acre (43,560 ft2/(16 x 16)).  
At $2 a day, this will cost approximately $22,460.63.  The cost of a Saltcedar 
specific goat treatment is reported in table 4.4.   
 
Table 4.4.  Cost of Goat Treatment (Richards, 2006) 
          
 
Tamarisk Specific Goat Control 
 
 Pen size  256 sq ft 
 Goats per pen    11 
 Goats per acre  1,872 
 
Control Time Cost/ Cost Control 
(Days Goat/Day per Acre 
    
 
 6  $2.00  $22,460.63 
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 An assumption is made here that goat treatment will cost between $15,000 and 
$22,460.63 per acre, depending on the density of the Saltcedar stand. 
No study has been done on a large scale, and a small plot application may not be 
representative of a large project.  
 
Saltcedar Leaf Beetles 
 
The cost of Saltcedar Leaf beetles can be split into two distinctions.  They are 
macro costs and firm level costs.  The distinction of macro costs is used to represent 
research, development, and other costs incurred in the testing of this new species.  In the 
literature review no firm level cost was reported. 
There have been several releases of beetles in various locations in the 
southwestern United States.  However, these releases have largely been on public land or 
have been at no cost to the private firm.  As a result, specific firm level costs are only 
speculative.  However, future costs of treatment have been rumored to be as low as 10 
cents per acre (Saltcedar Coalition 2006).   
This cost is after Saltcedar Leaf Beetles have been tested and cleared for 
commercial sale.  While some element of risk is associated with a biological agent 
release, specialists have tested these beetles for over 20 years and are convinced of the 
beetle’s sole commitment to Saltcedar.  Many papers go as far as to call any unwanted 
effects of Saltcedar leaf beetles unlikely (USDA, 2005). 
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Summary of Costs 
 
There are many variables that construct the cost of each treatment methods.  
These costs are based in 2006 dollars and may change with changes in the characteristics 
of each Saltcedar population.  The costs to be used by this thesis are reported below in 
table 4.5. 
 
Impact on Saltcedar from Each Treatment Mechanism 
 
 
The cost of Saltcedar treatment methods is only one of the factors that must be 
considered.  Without a lasting effect, your primary treatment can be rendered a waste of 
money and time.   
A common unit of measurement is required to completely evaluate the 
effectiveness and lasting effects of each treatment method.  The percentage defoliation is  
 
Table 4.5.  Cost of Each Treatment Method 
        
 
Control Method Low Cost High Cost 
      
 
Fire  $0.30  $0.45 
Imazapyr (HS)    180.04 
Imazapyr (AS)    15.44 
Triclopyr (HS)    76.46 
Triclopyr (AS)    49.86 
Hand cutting  12.00  120.00 
Bush-hogging    12.70 
Bulldozer  204.38  278.10 
Track-hoe    289.10 
Flooding    273.10 
Goats  15,000.00  22,460.63 
Beetles    0.10 
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one measurement that is a common method used to compare the effectiveness of 
alternative treatment methods and effectively represents the condition of the plant.  
Percentage defoliation, at the end of one year, will be used to measure each treatment 
method’s impact on Saltcedar.   
 
Physical Treatments 
 
 
Fire 
 
 Fire can be used in two ways.  The first is to use fire as a sole method of 
treatment.  Saltcedar is a fire adapted plant.  This method does not effectively treat 
Saltcedar (Taylor and McDaniel, 1998).  This trait of Saltcedar is counterproductive for 
the fire treatment, because it will simply clear out the understory, allowing Saltcedar to 
continue to thrive.  The second way of treating Saltcedar is to bring the canopy to the 
ground before burning.  This requires some form of mechanization.  Therefore, fire as a 
treatment alternative will be viewed as only 5% effective (Taylor and McDaniel, 1998).  
 
Flooding 
 
 Flooding is only partly effective on Saltcedar seedlings which can be submersed 
for at least 30 days.  Spenger, Smith and Taylor (2001) reported that Saltcedars less than 
40 cm had a 56.7 mortality rate.  Other studies, such as those conducted by Horton, 
Mounts, and Kraft (1960) and Warren and Turner (1975) have shown similar results.   
 Flooding will be assumed to be 56.7% effective and will only be a viable option 
for young Saltcedar.   
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Chemical 
 
The herbicides used in chemical treatment have been evaluated for effectiveness 
to a greater extent than the other treatment methods.  This may be because herbicides are 
thought of as a final, one-application, treatment method.  Depending on the type or 
formulation of herbicide this may not be the case.  Each treatment method is being 
evaluated at the end of 12 months and herbicides are no exception.  It is assumed to be 
too risky to allow a growing season to pass without some form of retreatment.  In the case 
of herbicides, this retreatment may be at a much lower application rate than the primary 
treatment method.   
Richards (2006) evaluated the effectiveness of hand-sprayed application of two 
herbicides at 5, 12, 17, and 24 months.  The percentage treatment for each formulation of 
herbicide is shown in table 4.6 below.  
Variance is used in this situation as a proxy for risk.  The lower the variance, the 
more certain you can be of treatment.  While the variance of Triclopyr is lower, the 
highest percentage treatment is only 58 %.  The variance of Imazapyr is higher, but 100% 
treatment was reported and is most desirable. 
 
Table 4.6.  Variance of Treatment (Herbicide) 
           
 
    Variance of % Control 
  5 months 12 months 17 months Variance 
           
 
Imazapyr  68  100  98 321.3333 
Triclopr  53  58  45  43 
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Imazapyr 
Imazapyr, applied from a hand sprayer, will be considered to defoliate Saltcedar 
to 99% at the end of twelve months.  While Richards (2006) and others (BASF, 2006) 
reported the percentage defoliation as 100%, it is apparent that the Saltcedar was not 
completely dead and some retreatment was needed at the end of a 17-month evaluation.  
Imazapyr, applied in an aerial manner, will be considered to defoliate Saltcedar at 87.5%.  
This percentage is from a Pecos River project reported by Hart et al. (2005).  Even 
though this is a 2-year evaluation period, it is a comfortable figure because of the 
particular method of evaluation.  In the Pecos River Project the researchers tallied 
efficacy of the herbicide application with a binary choice: alive or dead.  If the Saltcedar 
had any live foliage, they tallied it as alive.  Based on Richards (2006), and the pattern of 
defoliation, the estimate of 87.5% defoliation, which has been attributed to aerial 
application of Imazapyr, may be conservative. 
 
Triclopyr 
 
Triclopyr is not nearly as effective against Saltcedar as is Imazapyr.  Triclopyr, 
when sprayed from a hand sprayer, was 58% effective at the end of 12 months (Richards, 
2006).  No study was found evaluating Triclopyr as a treatment for Saltcedar when 
applied from the air.  
 The differences between the percentages of treatment of Imazapyr give some 
insight to the reduction of effectiveness when herbicide is sprayed aerially.  The 
difference between the two figures is 11.5%.  It will be assumed that this difference is 
attributed to wind drift, reduction in precision, and other complications that may arise 
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when spraying aerially.  In this study, an aerial application will have a percentage of 
treatment of 46.5%. This figure is the result of Triclopyr’s 58% effectiveness when hand 
sprayed, as reported by Richards, minus the aerial spraying reduction factor of 11.5% 
(58 – 11.5 = 46.5).  
 
Mechanical 
 
 The effectiveness of mechanical treatment is widely reported with qualitative 
rather than quantitative data.  Most of the treatment methods discussed, with the 
exception of using a track-hoe, provides total defoliation.  This may be attractive, but 
Saltcedar’s regrowth capabilities are phenomenal.  Because of the regrowth rate, every 
successful Saltcedar removal project that has used mechanical removal as the primary 
means of removal has been followed with some form of herbicide application (Tamarisk 
Coalition, 2005). 
 
Hand Cutting 
 
Chainsaws totally remove foliage but do not totally terminate the plant.  The 
Tamarsisk Coalition (2005) indicated that when hand cutting was followed with an 
herbicide application (Triclopyr), resprouts were only 15% of the density of the original 
infestation and suggest that these treatment methods compliment each other.  Without 
their interaction, neither would be very effective against Saltcedar.  By cutting the plant it 
allows the herbicide to attack internally.  The assumption will be made that without the 
application of herbicide, hand cutting is rendered useless, allowing 90% refoliation 
within 1 year and at 12 months only 10% of the infestation is eradicated.  
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Bush Hogging 
 
 Bush hogging is similar to hand cutting.  This method cannot be used on 
infestations consisting of Saltcedar with large basal diameters.  Similar to hand cutting, 
bush hogging should be followed by an herbicide application.  Without the herbicide 
application bush hogging allows young Saltcedar the ability to resprout and usually will 
become denser than the original infestation within 12 months.  This thesis assumes that 
after 12 months 0% treatment is apparent.  
 
Bulldozing 
 
Bulldozing is a complete treatment within itself.  It reduces aerial foliage while 
also removing lateral root systems.  This method was used without herbicide as reported 
in Taylor and McDaniel (1998).  Success in the study area was reported with only a few 
resprouts of Saltcedar 4 years after treatment.  The area treated in Taylor and McDaniel 
(1998) began with a Saltcedar density of 70% (±4).  The treatment rendered 
approximately 6 resprouts per acre.  Reducing a density of 70% to only 6 resprouts is a 
remarkable treatment, and for this thesis bulldozing will be viewed as 98% effective.   
 
Track-hoe 
 
By using a track-hoe to treat Saltcedar, like a bulldozer, this is viewed as a 
complete treatment method.  This method is very effective at removing the entire 
Saltcedar plant.  However, its efficacy is reduced because this method is not suited for 
removing smaller plants.  To determine the percentage mortality achieved with this 
method, a median value is used to report from a range of 80%-95% (Tamarisk Coalition, 
2005).  A track-hoe will be considered 87.5% effective.   
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Biological 
 
 
Goats 
 
Goats are different from any other treatment method because they graze.  Goats 
are not a one time application that is focused on an individual plant.  Goats tend to graze 
through an area in a pattern which allows flora to regrow behind them.  A feeding cycle 
such as this is counterproductive to total treatment.  Richards (2006) held goats in 
confinement, forcing Saltcedar to be the only available forage.  Assuming goats will 
graze on and be confined to one acre, for this thesis the effectiveness of goats will be 
76%.  
 
Beetles  
 
Saltcedar Leaf Beetles are showing effective results at some locations throughout 
the West.  However, this thesis is concerned with firm level treatment options.  Saltcedar 
leaf beetles may be the answer to the public Saltcedar problem, but, thus far, have no 
economically interpretable firm level use because individuals cannot purchase beetles for 
use on their farm or ranch.  To have beetles introduced on land they manage, landowners 
will be forced to incur various transaction costs.  These transaction costs include 
activities such as energy and efforts to facilitate the acquisition of Saltcedar beetles. 
These transaction costs are measurable but doing so is beyond the scope of this thesis.   
 
Summary of Effectiveness 
 
 Each of the above discussed treatment methods have an effectiveness rate.  These 
are reported in table 4.7 below.  
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Table 4.7.  Percentage of Effective Saltcedar Treatment Resulting from 
Each Evaluated Treatment Method 
        
 
   Effectiveness of Each Control Method 
 Control Method % Effective 
       
 
 Fire    5.0% 
 Imazapyr (HS)   99.0 
 Imazapyr (AS)   87.5 
 Triclopyr (HS)   58.0 
 Triclopyr (AS)   46.5 
 Hand cutting    10.0 
 Bush hogging    0.0 
 Bulldozer    98.0 
 Track hoe    87.5 
 Flooding    56.7 
 Goats    76.0 
 Beetles   N/A 
        
 
 
Reclamation Options 
 
 
 There are various reclamation practices that can be undertaken after the 
eradication and removal of Saltcedar.  These include practices such as; re-planting, 
allowing native vegetation to return, or returning the land to a farm application.   
 Various replanting options exist and, therefore, involve a wide range of costs.  
While some applications are very cheap, others can be prohibitively expensive.  Options 
for replanting include; willow wattles, seeding, and planting potted plants.  Willow 
wattles are a practice most commonly used to treat erosion.  This practice is relatively 
inexpensive but depends heavily on labor costs.  This method consisted of bundling 
healthy willow cuttings and burying them, resulting in natural propagation and a 
stabilized stream bank.  This is a very attractive option for reclaiming area around lakes, 
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streams, springs, or other water sources.  Seeding and planting potted plants is expensive.  
Each of these methods is labor-intensive but the methods also have large material costs.   
 Perhaps the most attractive option is simply allowing land to return to native 
vegetation.  This practice requires no materials and little labor.  The only cost associated 
with a method such as this is the monitoring cost.  Because Saltcedar is so aggressive, 
one must closely monitor and perhaps retreat the application area.   
 The last option is returning the land to farm or ranch practices.  This could be 
practices such as returning the land to a profitable crop.   
 Each Saltcedar site is different and the types of revegetation methods are 
dependent on characteristics such as terrain, availability of native vegetation, and 
availability to monitor.  For this thesis it will be assumed that any revegetation practice 
undertaken is some form of allowing natural revegetation.  This is the least costly and 
data are available to determine the needs of retreatment. 
 
Water Response Function to Treatment 
 
 
Differences in treatment methods also affect the water consumption of Saltcedar.  
Depending on what type of treatment method is used, a water entropy issue arises that 
accompanies Saltcedar eradication.  
As discussed in Van Hylecklama (1970), the percentage defoliation is not directly 
correlated with water use.  After defoliation of Saltcedar occurs, the water-use does not 
decline by the same percentage of defoliation.  Van Hylecklama (1970) reported that 
defoliations of 50% was accompanied by only declines in water use by 10%-15%.  This 
issue is important when evaluating mechanical means of treatment that defoliate the 
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Saltcedar plant but do not harm the root system.  What this issue may look like is 
illustrated in figure 4.1:  
The functions shown in figure 4.1 are constructed for argumentative purposes 
only.  The functions shown are illustrations with the absence of any definitive empirical 
data.  These functions were built upon single tree water use data from Criddle et al. 
(1964). and then as the tree density was halved, the water use was only reduced by 15%.  
Even without empirical data to support this phenomenon, it is possible Saltcedar’s water 
use behaves as such.    
In the evaluation of each treatment method, any treatment that results in 
mechanical defoliation should be thought to reduce water loss by less than the 
 
 
 
 
Figure 4.1.  Hypothetical amounts of water used by Saltcedar for various densities 
per area 
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effectiveness coefficient that represents defoliation.  Thus, net loss values will be higher 
in absolute value.   
 
Opportunity Cost of Saltcedar 
 
 
In order to compare the cost of treating Saltcedar to the cost of not treating 
Saltcedar the valuation of the aspects foregone need to result in a tangible estimate of the 
differences.  The four aspects of Saltcedar that can be seen as negative benefits include at 
least the following:  water loss, salinity changes, environmental changes, and wildlife 
disturbance.  Of the four, water loss and salinity changes are the only two that may be 
monetary valuation.  The only valuation of environmental changes and of wildlife 
disturbance is a personal valuation.  While valuation of water lost can be a direct market 
value of water bought and sold, salinity changes will be more of an intrinsic value 
derived from the cost of reclamation.   
All of these negative effects can be estimated, to some degree, however, the 
monetary value of water loss is the main focus of this thesis.  For the other three, the 
problem is not just monetizing a valuation of negative effects but estimating and 
understanding the physical differences.  Lost water is not only easily monetizable but has 
the most empirical data to estimate the effects of various actions.   
To better illustrate the total losses to Saltcedar, the value of the next best 
alternative should be used.  This study will assume the next best alternative for water is to 
be used as irrigation or in municipal and industrial uses.  The environmental losses can be 
valued as the next best alternative for the property in the landowner’s mind.  Thus, by 
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adding the losses of water and the environmental losses, a net loss to Saltcedar is 
achieved.  
 
H20 Lost to Saltcedar –H2O used by replacement = (-) Opportunity cost 
(-) Opportunity cost of H2O loss + (-) Environmental loss = (-) Net Opportunity cost 
 
 
Value of Lost Water 
 
The valuation of water is probably the most determinant aspect of the opportunity 
cost of Saltcedar.  Water is a flow resource and its price is highly dependant on location, 
availability, and quality.  Differences in the value of water will be reflected in the market 
value.  These values were collected from the periodical, Water Strategist (Smith and 
Hann, 1990-present).   
In Utah, there are two types of water transactions:  sales per acre foot and sale of 
shares.  These two transactions are different because of the amount of time they 
encompass.  Sales per acre ft are often called one-time sales and can be used to meet a 
shortage in water for the year.  The sale of shares of water are basically the purchase of a 
share in a water irrigation company, which gives the buyer the right to use an amount of 
shares water until the owner sells the shares.  Shares are unique because the owner is 
allowed a percentage of the total amount of water owned by the company (usually an 
irrigation company).  In a plentiful year, the share may be a higher volume than in dry 
years.   
When determining the value of water lost to Saltcedar, it is important to 
understand the differences in sales.  Many of the sales of shares reported in the Water 
Strategist were sales from irrigators or individuals to a city or developer for use in 
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municipal or industrial uses.  These water transfers have recently been reported for 
purchases in central and southern Utah.   
Also reported in the Water Strategist are one-time sales of water per acre ft.  
These values are more representative of water lost at the firm level.  If a rancher or 
farmer has Saltcedar on their property, the value of a one-time purchase will represent 
their additional need for water.   
The next best use for water that is wasted by Saltcedar is assumed to be irrigation 
uses.  However, a sales to municipal and industrial (M&I) are used to be able to make 
some assumptions about the social losses to Saltcedar.  These M&I prices are a skewed 
view of social losses, and it is assumed they will be used for nothing more than a 
reference value.   
To construct values of both types of transactions, simple econometrics was used.  
Prices for both (shares and single quantities) transactions from 1990-2004 were used as 
the dependent variable.  The independent variable was average precipitation for the year 
before the date of sale.  Precipitation years were collected from October through 
September.  Most water transactions were conducted in the summer of the latter year.  
Average precipitation was chosen as the dependent variable because by the time of the 
transaction, it is probable that most of the precipitation is present in the usable water 
system.   
 The econometric equation used is: 
 
Pw = f(APi) ; 
 
where Pw = price of water, and AP = annual precipitation.  
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The price of water is a function of annual precipitation.  Annual precipitation for 
each site each year (1990-2004) in Utah was collected from SNOTEL (NRCS, 2007) and 
averaged for use in these regressions.  SNOTEL data were not available for 2005.   
Regression analysis using Microsoft Excel’s Data Analysis was run to explain 
both prices of sales of shares of water and sales of acre feet of water for 2005.  After a 
satisfying value was attained for the price of water in 2005, it was converted to 2006 
dollars.  A price in 2006 could not be attained due to a lack of data on both annual 
precipitation and water prices in 2005.   
By running a regression using the prices of sales of water shares over a 15-year 
period as the dependent variable and annual precipitation as the dependent variable, this 
resulted in an R-squared value of .0019.  Results concluded that the independent variable 
was not significant and has no effect on prices of water shares (see Appendix A).  This is 
not surprising.  Since the sales of water shares are comprised mostly of irrigators selling 
water to municipalities, one must hypothesize that other factors influence the price of 
water shares.  Some examples include:  the irrigators may be changing their infrastructure 
dramatically to not include irrigating, they may be under financial constraints forcing the 
sale of water, or the water shares may be included in a package price of land.  With 
inconclusive regression results, I will use the average price of water shares over the past 
15 years. The average prices in the Water Strategist were converted to 2000 dollars and 
reported in Czetwertynski et al. (2002).  The average price of water share sales in 2006 
dollars will be assumed to be $2,322.53. 
Sales of one-time water sales were attempted to be explained three times.  
Regression analysis was conducted three separate times using a combination of annual 
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precipitation, quantity of water purchased, and an interaction effect between the annual 
precipitation and quantity of water purchased.   
Regression results when run with prices of one-time water purchases explained by 
annual precipitation were most satisfying.  The r-squared value for this regression was 
.215 and the independent variable had a p-value of .176.  This estimated the price of one-
time sales of water to be $6.69 in 2005 (see Appendix B). 
The regression was run again supposing some effect on price was inherent in the 
quantity of acre ft purchased.  Regression was run this time with both annual 
precipitation and quantity of water bought as the dependent variable.  This brought the r-
squared value up to .328.  However, the p-values rose to .58 for annual precipitation and 
.31 for quantity purchased.   
Striving for even better results, an interaction effect was added.  It is possible that 
in dry years, farmers need to buy more water, so the regression was run again including a 
variable to explain the interaction of quantity bought and annual precipitation.  Thus, the 
r-squared value rose to .42, but the p-values were lacking.   
 Results of the first regression, the price of water based only on annual 
precipitation, were the best.  However, the other two regressions cannot be totally 
discounted.  It is quite possible that the quantity bought and the interaction of quantity 
bought and annual precipitation has some affect on price.  While this may not be 
concluded with the data collected, the author believes it is possible.   
 When forecasting the price with regression solely dependent on annual 
precipitation, the average price in 2005 is $6.69.  When converted to 2006 dollars, it is 
$7.82.  The results of the regression in which the price of water was dependent on 
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quantity bought and annual precipitation was $7.25 in 2000 dollars and $8.49 in 2006 
dollars.  However, this is not a viable result because the p-values were too large.  The 
result of the third regression also has large p-values but comes within 8 cents of the first 
regression’s results.  The average price of an acre ft of water in 2006 dollars will be 
$7.82.  This price includes only water not delivery charges.  The current use rate of the 
Bureau of Reclamation is $5.60.  The total average price of an acre ft of water is $13.42.  
 
Water Used in Reclamation 
 
 The value of water lost to Saltcedar does not result in an economically 
comparable value.  Unless the land is left barren, water will still be consumed on the 
piece of property (see table 4.8).  In almost every incidence, land will not be left barren.  
In most cases, native riparian vegetation will be allowed to return.  Whatever the 
alternative use for the land, the value of the water consumed by the vegetation must be 
 
Table 4.8.  Range of Water Losses to Saltcedar Valued by Irrigation and M&I 
             
 
Value of Water Losses per Acre to Tamarisk 
 
 Water cost to irrigators ($13.42) 
 Water cost to M&I ($2,322.53) 
        
 
                       Water Use   
      Low       High 
       
   2.7  7.1 
 Value of water (irr.)  $36.23  $95.28 
 Value of water (M&I) 6,270.83  16,489.96 
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deducted from the value of the water lost to Saltcedar to result in a net value of water lost 
(may be positive or negative).   
Due to the cost of reclaiming an area of salt deposits by Saltcedar, a salt-tolerant 
species may be the best choice for replanting.  Two species best selected for reclamation 
are Tall Fescue and Tall Wheatgrass.  Both of these plants grow well in Utah and have 
wide tolerances for changes in salinity.  
When discussing reclamation, the types of land that Saltcedar inhabits should be 
split into two categories:  land that is in active production, and land that is used for 
aesthetic purposes.  The first category may be reclaimed with a crop or other profitable 
enterprise, while the latter may be returned to natural vegetation.  Differences in the 
type(s) of land reclaimed and the differences in the plants used will affect the amount of 
water used and costs of reclaiming.   
Reclaiming the land for active production is the easiest to quantify, because of the 
knowledge we have about the estimated quantities of water crops use, estimates at 
various locations.  These estimates for different areas in Utah were published by Hill 
(1994).  The crops that come to mind in southern Utah are alfalfa, range pasture, 
including Saltgrass (Distichlis spicata), and some small grains.  Many of the areas that 
inhabit Saltcedar, when reclaimed and used for profitability, will most likely be used for 
its grazing capabilities.  Range pasture, including Tall Fescue, will be used later in the 5th 
evaluation.  The consumptive water use of the three are reported in table 4.9 below.  
The second category of reclamation is reclamation for a different category of 
riparian users.  These types of land are used for aesthetic qualities or open range and have 
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Table 4.9.  Water Use by Possible Profitable Crops (water use  
by year) 
           
 
  Water Use (in) Water Use (ac ft) 
        
 
 Alfalfa  40.09  3.34 
 Pasture  32.83  2.74 
 Saltgrass  28.08  2.34 
 Spring grain 22.63  1.89 
        
 
Sources:  Hill (1994); Criddle et al. (1964).  
 
 
a higher probability of returning to native vegetation.  Native vegetation that could be 
used for reclamation includes Cottonwoods (Populus fremontii S. Watts), Willow (Salix 
spp), Mesquite (Prosopis pubescens), Wildrose (Rosa woodsii Lindl), Rabbitbrush 
(Ericameria nauseosa), Sacaton (Sporobolus airoides), Greasewood (Sarocobatus 
vermiculatus), Bacchris (Baccharis halimifolia), or Kochia (Kochia scoparia). 
Depending on the region, the native vegetation will differ.  The values of consumptive 
water use by native vegetation are reported in table 4.10 below:  
While the values reported by Criddle et al, (1964) and used earlier in the water 
use section, points out that some willows and alfalfa use more water on a tree-to-tree 
basis, it is important to remember that the typical stand of Saltcedar is moderate or dense.  
This means a tree-to-tree comparison should not be used.  The average consumptive 
water use values for moderate and dense cover will be used as reported by Brown (1989) 
and Van Hylcklama (1970).   
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Table 4.10.  Averages of Water Use by Native Vegetation 
         
 
 Species Acre feet/yr 
      
 
 Cottonwood  6.42 
 Baccharis  4.70 
 Sacaton  3.69 
 Kochia  3.59 
 Mesquite  3.30 
 Willow  3.28 
 Rabbitbrush  1.77 
 Wildrose  1.56 
 Greasewood  1.40 
      
 
Sources:  Robinson (1970); Blaney (1961).  
 
 
Net Water Loss 
 Quantifying water lost to a specific use requires the determination of the net loss 
by subtracting the water use by replacement vegetation from Saltcedar. 
 By using the assumptions made earlier, we will use the range of consumptive 
water use for Saltcedar of 2.7 ac ft per acre (low) to 7.1 ac ft per acre (high).  This range 
will be used instead of the average reported in Brown’s (1989) report because this range 
was taken from studies in Utah.  Other quantities reported by GWR were predominantly 
for other southwestern states.  The net water lost to Saltcedar after reclamation is reported 
in table 4.11 below.  
 Depending on the water use of Saltcedar in a particular area and the type of 
vegetation replanted water saving could be up to 5.70 acre ft per acre per year.  By using 
evapotranspiration estimates of bare ground from the Robinson (1970) study  
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Table 4.11.  Net Water Loss Attributed to Saltcedar After Fourteen Types of 
Revegetation 
            
 
               Water Use (ac/ft)                    Net Loss (-)   
 Native Tamarisk Tamarisk 
Species Veg. (low)  (high)  Low High 
             
 
Cottonwood  6.42  2.7  7.1  -3.72  0.68 
Baccharis  4.70  2.7  7.1  -2.0  2.40 
Sacaton  3.69  2.7  7.1  -0.99  3.41 
Kochia  3.59  2.7  7.1  -0.89  3.51 
Alfalfa  3.34  2.7  7.1  -0.64  3.76 
Mesquite  3.30  2.7  7.1  -0.6  3.80 
Willow  3.28  2.7  7.1  -0.58  3.82 
Pasture  2.74  2.7  7.1  -0.04  4.36 
Saltgrass  2.34  2.7  7.1  0.36  4.76 
Spring grain  1.89  2.7  7.1  0.81  5.21 
Rabbitbrush  1.77  2.7  7.1  0.93  5.33 
Wildrose  1.56  2.7  7.1  1.14  5.54 
Greasewood  1.40  2.7  7.1  1.3  5.70 
Bare ground  0.66  2.7  7.1  2.04  6.44 
             
 
 
(.66 ac ft/yr), water savings could be from 2.04 to 6.44 acre ft.  Robinson was the only 
literature found that reported bare ground evapotranspiration estimates using similar 
study methods to Saltcedar water use estimates from studies by Van Hycklama (1970) 
and Criddle et al. (1964).  This reported value of net water loss after Saltcedar has been 
removed is the first step in the satisfaction of Objective 2 from the introduction.   
The costs of not treating a Saltcedar population begin with water losses.  This 
study uses $2,322.53 as the value of water to M&I users.  This value was derived earlier 
in the beginning of Chapter 4 (Results and Discussion) and is a result of the average 
water share sales in Utah to M&I users.  Also reported earlier was the value of water in 
Utah to irrigators─$13.42.  By using these water values, one can monetize the cost of not 
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treating an acre of Saltcedar.  The monetary losses could range from $27.38 to 
$14,957.09 each year. 
Some of the aforementioned vegetation that could be replanted uses more water 
than Saltcedar.  The values for Saltcedar water use are very dependent on elevation and 
water table level.  The plants at lower elevations and higher water tables will use the most 
water, and the least amount of water will be used at higher elevations with low water 
tables.  Depending on the area concerned, all revegetation could be feasible.   
For this study it is assumed that each of the aforementioned species has a 
possibility of being used as a means of revegetation in Utah.  The values of net water 
savings are reported in tables 4.12 and 4.13.  
 
Table 4.12.  Values of Net Water Savings to M&I 
              
 
Average price of water in Utah   2,322.53 
   Net Water Savings         Dollar Value (-)        
Species Water Use Low High Low  High 
            
 
Alfalfa  3.34  -0.64  3.76 $(1,486.42)  $8,732.71 
Pastures  2.74  -0.04  4.36  (92.90)  10,126.23 
Saltgrass  2.34  0.36  4.76  836.11  11,056.24 
Spring grain  1.89  0.81  5.21  1,881.25  12,100.38 
Cottonwood  6.42  -3.72  0.68  (8,639.81)  1,579.32 
Baccharis  4.70  -2.0  2.4  (4,645.06)  5,574.07 
Sacaton  3.69  -0.99  3.41  (2,299.30)  7,919.83 
Kochia  3.59  -0.89  3.51  (2,067.05)  8,152.08 
Mesquite  3.30  -0.6  3.8  (1,393.52)  8,825.61 
Willow  3.28  -0.58  3.82  (1,347.07)  8,872.08 
Rabbitbrush  1.77  0.93  5.33  2,159.95  12,379.08 
Wildrose  1.56  1.14  5.54  2,647.68  12,866.52 
Greasewood  1.40  1.3  5.7  3,019.29  13,238.42 
Bare ground  0.66  2.04  6.44  4,737.96  14,957.09 
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Table 4.13.  Values of Net Water Savings to Irrigators 
            
 
Average price of water in Utah   2,322.53 
   Net Water Savings         Dollar Value (-)        
Species Water Use Low High Low  High 
            
 
Alfalfa  3.34  -0.64  3.76  $(8.59)  $50.46 
Pastures  2.74  -0.04  4.36  (0.54)  58.51 
Saltgrass  2.34  0.36  4.76  4.83  63.88 
Spring grain  1.89  0.81  5.21  10.87  69.92 
Cottonwood  6.42  -3.72  0.68  (49.92)  9.13 
Baccharis  4.70  -2.0  2.4  (26.84)  32.21 
Sacaton  3.69  -0.99  3.41  (13.29)  45.76 
Kochia  3.59  -0.89  3.51  (11.94)  47.10 
Mesquite  3.30  -0.6  3.8  (8.05)  51.00 
Willow  3.28  -0.58  3.82  (7.78)  51.26 
Rabbitbrush  1.77  0.93  5.33  12.48  71.53 
Wildrose  1.56  1.14  5.54  15.30  74.35 
Greasewood  1.40  1.3  5.7  17.45  76.49 
Bare ground  0.66  2.04  6.44  27.38  86.42 
            
 
 
Tables 4.12 and 4.13 are used as determinates of the area Saltcedar is funded and 
the type of replacement vegetation that is replanted.  The first numerical column is the 
water use value of the replacement vegetation.  The second and third columns are 
Saltcedar water use, designated low and high to differentiate in areas of Saltcedar growth.  
The low water use estimate is 2.7 ac ft per year, and the high water use estimate is 
7.1 ac ft per year.  By subtracting the replacement vegetation, water use from the 
Saltcedar water use estimate results in a net water use by the area.  Any negative value 
represents more water use after Saltcedar is eradicated. The water costs may be more for 
eradicating Saltcedar, but we assume that any additional water used after Saltcedar 
removal is in some way justified.  The fourth and fifth columns monetize the water losses  
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in different Saltcedar water use areas.   
The above values are absent of treatment cost but quantify monetary losses due to 
an acre of Saltcedar.  The above values cannot only be viewed as gains after treatment 
but also as losses to invasion.  If a pasture is not managed properly, Saltcedar invades, 
especially in a high water use area.  Losses to irrigation values could be $63.88 per acre.  
 
Evaluation 
 
 
Each of the treatment methods was evaluated in such a way as to indirectly 
incorporate the efficacy of the method.  In order to estimate the costs of each treatment 
method over a period of time, each treatment method was included in a 10-year 
production plan, and by using the resulting net present values, they could be ranked in 
order of lowest net loss.   
Each production plan consists of costs concerning initial treatment, retreatment, 
and water values.  Each treatment method was separated into several different production 
plans.  Two production plans were used to represent the high and low water use areas, 
and two more were used to represent high and low costs of treatment, if present.   Each 
production plan contains water values for both irrigation use and M&I use.   
Each production plan began with an initial treatment.  Also in year one were 
water losses for both high and low extremes of the Saltcedar water-loss range that were 
set forth in the literature review.  Each treatment method has an effectiveness coefficient 
and, as the second year was evaluated, both the cost of the treatment method and the 
water use values were reduced accordingly.  This is used to represent the reduction in 
evapotranspiration due to defoliation and thus resulting in less water lost.  At the end of 
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10 years all the values were totaled and net present values with a discount rate of 6% 
were calculated.  It is assumed that a 6% is a median discount rate.  The net present value 
of the treatment method (top row) represents the out-of-pocket costs incurred by the 
manager over 10 years.  The values of water (bottom two lines), represent the value of 
water to an irrigator and if the water was used for M&I uses.  The value to the irrigator 
may be seen as what that individual is actually losing.  The value to M&I can be viewed 
as representative of the value to society.  
In each production plan a net benefit line was incorporated.  In an effort to 
achieve Objective 4, this net benefit line will calculate the regained value of not having 
Saltcedar on an acre.  Intuitively, this net benefit of Saltcedar is the inverse of the total 
net losses to Saltcedar.  This value will be different for each treatment method due to the 
effectiveness of the treatment method.   
An example of a production plan is presented in Table 4.14.  
Each of the treatment methods were ranked in order of least net loss.  The closer 
this net loss is to zero (in absolute value) represents the least cost method of Saltcedar 
control.  This study assumes that the first years’ water loss is always going to happen.  
These production plans can be viewed in Appendices C-Z. 
Each treatment method is evaluated in five separate evaluations.  The first 
evaluation is an evaluation of each treatment method by itself.  This evaluation is absent 
of retreatment and revegetation.  The second evaluation builds on the first evaluation and 
includes a retreatment of the chemical treatment method.  This evaluation was conducted 
in order to get a better cost estimate of Saltcedar treatment using only chemical treatment 
and to attain a net benefit of each herbicidal treatment method.  Suggested in much of the 
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literature review were the combinations of the treatment methods.  The third evaluation is 
an effort to estimate the combinations of treatment methods in order to evaluate which 
treatment method may produce the best complimentary results.  Evaluated in the third 
evaluation are one of the best of each type of treatment methods: chemical, mechanical, 
and biological.  These primary treatments are then retreated with an application of 
Imazapyr (HS).  This procedure was investigated in Richards (2006) and expanded and 
monetized in this study.  The fourth evaluation is similar to the second and third 
evaluations and uses a combination of treatment methods.  This evaluation also added 
revegetation material to each production plan.  After each acre has been treated to at least 
95%, a revegetation plant is introduced to the production plan.  This treatment method is 
an effort to estimate a real-world scenario for Saltcedar treatment.  The fifth evaluation 
can be used as a firm level decision making tool.  In an effort to evaluate the treatment 
methods further and develop a firm level decision making tool, a flow chart will be used.  
This flow chart, depicted later in the text, will guide managers through criteria which may 
affect that treatment methods are feasible from a cost/benefit standpoint.  The fifth 
evaluation is used to further evaluate a Saltcedar treatment plan involving some profitable 
revegetation.  As Saltcedar is eradicated, a land manager may profit from the newly 
available land.  This production plan incorporated the profitability from a specific venture 
and the water use of that venture into the eradication plan.  This allows landowners to 
realize that the treatment methods that treats the fastest allow the most opportunity for 
profitability.  An example of this is discussed later in the fifth evaluation section.   
The choices to be made by the manager are choices such as Saltcedar water use 
and revegetation water use.  These choices are assumed to be binary (low or high) but 
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will determine a total water lost range to which the costs of treatment can be evaluated 
and where choices also will determine which treatment methods appear to be cost 
effective.  When making firm, level decisions such as these, the value of water will be the 
irrigator’s value.   
 Comparing the net present value of water lost over the 10 year period and the net 
present value of the treatment method over the same period will determine the feasibility 
of each treatment method.  In the event the treatment method is not feasible, based solely 
on the value of water losses, this evaluation will determine how much value will need to 
be placed on other aspects of Saltcedar eradication in order to make the treatment method 
feasible. 
 
Evaluation One 
 
 
Physical Treatments 
 
 
Fire  
 
Fire has an estimated cost range of $.30 to $.45 per acre but is only 5% effective.  
Over the 10-year production plan, the direct cost to the manager is very low, $2.21 - 
$3.31.  The value of lost water is estimated to be from $37,950 for irrigators to over 
$99,000 for M&I.  This potential loss per acre, due to the use of an inadequate treatment 
method, is staggering.  (Refer to Appendix C.)  
 
Flooding 
 
Flooding is a treatment method that is only effective against young Saltcedar.  
The net loss values, according to the created production schedule, are fictitious.  They 
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consider water use value of mature Saltcedar and an effectiveness rate of flooding against 
young Saltcedar.  These net loss values will not be considered in the final ranking and 
evaluation of Saltcedar treatment methods.  (Refer to Appendix L.)  
 
Chemical Treatment 
 
 Chemical treatment has a higher cost than fire but a much higher effectiveness 
rate.  Two herbicides provide treatment of Saltcedar.  When evaluated in the irrigators’ 
eyes, they offer the lowest net loss.   
 The first evaluation of these treatment methods is based on the fact that after they 
have been applied, total mortality ensues.  This may not be the case.  The second 
evaluation includes each of the chemical treatment production plans with added costs, 
representing additional application times.  This evaluation is a better representation 
treatment.  While the direct costs go up, only 10% of the herbicide required in the initial 
treatment is required in the follow-up.  After the second treatment, the plant is assumed to 
be dead.   
 Each of the aerial applications of herbicide will be followed with a hand sprayer 
application and the costs associated with a hand sprayer application.   
 
Imazapyr 
 
 Imazapyr has a cost of $180.47 and an effectiveness rate of 99%.  This 
effectiveness rate is the reason for the low net losses.  While the cost of the treatment 
method is higher, the effectiveness rate makes it very attractive from a total net loss point 
of view.   
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 Net loss using Imazapyr (HS) in a low water use area is $204.36 to irrigators and 
just over $6000 for M&I.  In a high water use area, the losses increase to 260.59 to 
irrigators and $15,874.58 to M&I users.  (Refer to Appendix D.)  
 Aerial application is a cheaper alternative than hand spraying when using 
Imazapyr.  However, if the tract to be treated is small, it is probably not feasible to use an 
aerial application method.  (Refer to Appendix E.)  
 
Triclopyr 
 
Triclopyr is a cheaper herbicide when compared to Imazapyr.  However, the 
application effectiveness is lower.  In the first evaluation, by ignoring retreatment costs 
and effectiveness, Triclopyr outperforms Imazapyr.  This is interesting and will probably 
not hold in the second evaluation.   
The net losses due to the use of Triclopyr (HS) are estimated to be from $128.74 
to $221.00 per acre for irrigators and from $9,869.33 to $25,835.24 for M&I users.  
(Refer to Appendix F.)  
Similar to the difference between Imazapyr (HS) and Imazapyr (AS), the 
difference between Triclopyr (HS) and Triclopyr (AS) is small.  However, the 
effectiveness of Triclopyr will be a defining factor of all other evaluations. (Refer to 
Appendix G.)  
 
Mechanical Treatment 
 
 Mechanical treatment can be divided into two groups.  One of the groups reduces 
the plants photosynthetic capabilities and the other removes the entire plant.  The latter is 
paradigm, and while they cost more, the net losses support their supremacy.  
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Hand Cutting 
 
Hand cutting is a treatment method that is categorized in the first group.  Hand 
cutting simply reduces foliage.  This method must be reapplied every year due to an 
effectiveness rate of only 10%. This method does not reduce the water intake of Saltcedar 
enough to justify its cost. The net loss values range from $752.04 to $1148.75 per acre 
for irrigators, and from $42,638.67 to $111,295.07 for water used for M&I. (Refer to 
Appendix H.)  
 
Bush-Hog 
 
Bush-hogging is another defoliation method that is not very effective in the long 
run.  Because of the regeneration capabilities and the ability to sprout from rhizomes, 
shredding the plant is useless.  As the net loss values support, bush-hogging Saltcedar 
only perpetuates the problem.  The net loss values range from $360.16 to $794.36 for 
irrigators, and from $46,247.34 to $121,461.04 for M&I. (Refer to Appendix I.)  
 
Bulldozer 
 
Bulldozing, which removes the entire Saltcedar plant, is more costly but its 
effectiveness justifies the cost.  This treatment method is effective, and its retreatment in 
subsequent years is at 98%.  Depending on the operator’s ability, the net losses from use 
of a bulldozer range from $227.65 to $353.98 for irrigators and from $6,222.46 to 
$16,118.09 for M&I. (Refer to Appendix J.)  
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Track-Hoe 
 
Using a track-hoe is another method that removes the entire Saltcedar plant.  
Because of its size, a track-hoe cannot possibly remove all Saltcedars.  Because of this, 
its effectiveness coefficient is lower, 87.5%.  The net loss values represented here range 
from, $301.11 to $364.26 for irrigators, and from $6,969.13 to  $17,898.68 for M&I. 
(Refer to Appendix K.)  
 
Biological Treatment 
 
 
Goats 
 
The net losses associated with using goats as a treatment method are a result of 
extremely high costs and low effectiveness coefficients.  The net losses range from 
$14195.13 to $21305.47 for irrigators, and from $21,798.30 to $41,298.98 for M&I. 
(Refer to Appendix M.)  
 
Evaluation Two 
 
 
A second evaluation of two herbicides was done to hopefully closely reflect real-
world reapplication needs. By using Imazapyr for retreatment, it will cost $48.24 per 
acre, and to retreat using Triclopyr, it will cost 37.89 per acre.  These costs consist of 
10% (Dr. Ralph Whitesides, personal comm. 2006) of the herbicide cost plus $33.60 
dollars for the labor of hand spraying.  
This evaluation will include retreatment for both hand sprayer applications and 
aerial spray applications.  The retreatment for the aerial applications will be done by a 
hand sprayer.  The effectiveness rate used after the first application will be that of the 
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second application.  For example, if Imazapyr (AS) is used first with an effectiveness of 
87.5%, then the second application will use Imazapyr (HS) and will have an effectiveness 
rate of 99%. 
 
Imazapyr With Retreatment 
 
The second evaluation of Imazapyr does not change much.  This application 
method is effective enough that retreating ensures mortality.  The net loss increases by 
the net present value of the retreatment in the second year.   
The second evaluation of Imazapyr (AS) is a bit different.  Because the aerial 
application is not as effective as Imazapyr (HS) retreatment can be better justified.  
Because of the efficacy of the retreatment, the water use drops enough that the recouped 
value of water can pay for the retreatment.  Thus, the net loss values are lower in absolute 
value in the second evaluation than the first evaluation, when the water is valued at M&I 
prices. (Refer to Appendices D-E.)  
 
Triclopyr With Retreatment 
 
 A retreatment application of Triclopyr acts in much the same way as Imazapyr.  
When a retreatment is applied with Triclopyr (HS), the effectiveness is no more than it 
was in the first year.  However, when a retreatment is applied with Triclopyr (AS), the 
effectiveness of the retreatment is enough to justify itself.  When values are set at M&I 
prices, the net present values of the first evaluation and the second evaluation differ by 
almost $1,000 in low water use areas and by almost $2,200 in high water use areas. 
(Refer to Appendices F-G.)  
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Evaluation Three 
 
 
 Of particular interest is the combination of treatment methods, specifically, 
treatment methods with mediocre effectiveness, and treatment methods that have high 
effectiveness.  The combination of methods to be evaluated in the third evaluation will 
include goats/Imazapyr (HS), Triclopyr (AS)/Imazapyr (HS), and track-hoe/Imazapyr 
(HS).  Other combinations of treatment methods may be possible, but these combinations 
can be evaluated with the quantitative data presented above.   
 Imazapyr (HS) was chosen as the retreatment method due to its superior rate of 
effectiveness. 
 
Goats/Imazapyr (HS) 
 
 Pairing the 76% effectiveness rate of goat treatment with the effectiveness of 
Imazapyr (HS), results in net losses from $14,235.87 to $21.342.64 for irrigators, and 
from $21,461.96 to $40,344.56 for M&I.  When using Imazapyr (HS) as a retreatment 
method, the net losses are reduced when the water is valued at M&I prices. (Refer to 
Appendix N.)  
 
Triclopyr/Imazapyr (HS) 
 
 The pairing of Triclopyr (AS) and Imazapyr (HS) is an attractive option because 
of the low cost.  This pairing is effective because of the small quantities of Imazapyr 
(HS) that is required (10%).  The net losses are from $141.57 to $225.66 for irrigators, 
and from $9,020.13 to $23,572.98 for M&I users.  These net losses are lower if just one 
chemical is used. (Refer to Appendix O.)  
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Track-Hoe/Imazapyr (HS) 
 
 This pairing is thought to be a very thorough method.  This method removes all 
Saltcedar debris and then retreats any plant that was missed.  This method may be more 
expensive as far as treatment is concerned, but it accomplishes not only treatment but 
also removal.  The net losses associated with this combination of treatment methods are 
from $343.54 to $405.88 for irrigators, and from $6,925.44 to $17,713.83 for M&I users.   
 These net losses are greater than the net losses for using a track-hoe alone; 
however, this production cycle is more realistic. (Refer to Appendix P.)  
 
Evaluation Four 
 
 
 Until now all revegetation efforts have been unaccounted for.  The fourth 
evaluation will strive to be as close to reality as the limited quantitative data will allow.  
This evaluation will further evaluate all of the combinations of treatment methods 
evaluated in both the second and third evaluations.  This fourth evaluation will consider 
the quantities of water lost to revegetation plants.   
 The revegetation plants use a range of water from 1.40 to 6.42 ac ft per acre.  
Only the extreme values of this range will be incorporated into the fourth evaluation.  
Once the water use of Saltcedar is below .05, then the revegetation plant water use will be 
added in.  This will be done by adding If/Then statements into the previously used 
treatment projections.  
 These projections are the most like real-world experiences.  However, this 
projection attributes water losses to an acre of land.  Evaluations Two and Three are 
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representatives of the net loss attributed to an acre of Saltcedar.   
 Tables 4.14 and 4.15 present the net losses for the fourth evaluation for both low 
water use revegetation and high water use revegetation for irrigators and M&I users, 
respectively. (Refer to Appendices Q-U for specific information concerning the fourth 
evaluation.)  
 
Dominant Treatment Methods 
 
 Evaluations Two and Three are the evaluations to be used in order to determine 
which treatment method is the best for real-world application.  
 These combinations of treatment methods are commonly found throughout the 
literature.  Table 4.17 presents a ranking of the treatment combinations found in the 
second and third evaluations.  
 
Table 4.15.  Fourth Evaluation Net Monetary Losses to Irrigators with Revegetation 
Practices Using Five Treatment Sequences 
             
 
Revegetation water use                    Low                                       High   
Tamarisk water use Low  High  Low  High 
          
 
Control method 
  Imazapyr w/Imazapyr  $(353.15)  $(432.19)  $(725.48)  $(747.95) 
  Triclopyr w/Triclopyr  (299.44)  (405.66)  (464.01)  (525.44) 
  Goats (low cost) w/Imazapyr  (14,324.34)  (14,393.44)  (14,640.10)  (14,709.20) 
  Goats (high cost) w/Imazapyr  (21,362.67)  (21,431.77)  (21,678.43)  (21,747.53) 
  Triclopyr AS w/Imazapyr  (231.62)  (316.11)  (546.30)  (631.87) 
  Track-hoe w/Imazapyr  (431.82)  (494.50)  (747.58)  (810.26) 
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Table 4.16.  Fourth Evaluation Net Monetary Losses to M&I With Revegetation 
Practices Using Five Treatment Sequences 
             
 
Revegetation water use                    Low                                       High   
Tamarisk water use Low  High  Low  High 
          
 
Control method 
  Imazapyr w/Imazapyr  $(24,501.35)  $(31,206.00)  $(88,937.63)  $(85,853.08) 
  Triclopyr w/Triclopyr  (18,099.19)  (31,889.96)  (46,579.61)  (52,616.41) 
  Goats (low cost) w/Imazapyr  (36,772.60)  (48,731.63)  (91,419.68)  (103,378.71) 
  Goats (high cost) w/Imazapyr  (43,810.93)  (55,769.96)  (98,458.01)  (110,417.04) 
  Triclopyr AS w/Imazapyr  (24,604.60)  (39,226.00)  (79,064.41)  (93,873.08) 
  Track-hoe w/Imazapyr  (22,202.34)  (33,050.50)  (76,849.42)  (87,697.58) 
          
 
 
Evaluation Five 
 
 
 This evaluation involves a firm level decision making tool.  While the four 
previous evaluations have incorporated societal costs of Saltcedar, this evaluation will 
represent only direct costs to the firm.   The values used in this evaluation will be the 
NPVs taken from the fourth evaluation, valuing waters at an irrigation value. 
 This evaluation involves three steps.  In this process choices are made about what 
level of water use your Saltcedar stand has, what treatment method you would like to use, 
and what type of revegetation plant will be planted, resulting in making the choice of how 
to manage Saltcedar.  The first choice is made concerning in which region of Saltcedar 
water use will take place.  Dependent upon which region the treatment is to take place in, 
choose low or high.  The second choice is which treatment method to use.  The five 
evaluated methods are Imazapyr with retreatment, Triclopyr with retreatment, Triclopyr 
with retreatment of Imazapyr, track-hoe with retreatment of Imazapyr, and goats with 
retreatment of Imazapyr.  The second choice incorporated the treatment cost as well as 
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Table 4.17.  Ranking of Saltcedar Treatment Methods, 
Second and Third Evaluations, Based Upon Net Losses, 
Six Treatment Methods Evaluated at Different Water 
Use Levels for Saltcedar 
         
 
Ranking of treatment methods  
Evaluations 2, 3 
 
Treatment Method       Net Loss 
 
Low water use/value to irrigators:  
  Triclopyr AS w/Imazapyr HS  ($141.57) 
  Imazapyr w/retreatment  ($247.32) 
  Triclopyr w/retreatment  ($252.60) 
  Track-hoe w/Imazapyr HS  ($343.54) 
  Goats low cost) w/Imazapyr HS  ($14,235.87) 
  Goat (high cost) w/Imazapyr HS  ($21,274.20) 
 
High water use /value to irrigators 
  Triclopyr AS w/Imazapyr HS  ($225.66) 
  Imazapyr w/retreatment  ($303.55) 
  Triclopyr w/retreatment  ($371.57) 
  Track-hoe w/Imazapyr HS  ($405.88) 
  Goats (low cost) w/Imazapyr HS  ($14,304.31) 
  Goat (high cost) w/Imazapyr HS  ($21,342.64) 
 
Low water use/value to M&I 
  Imazapyr w/retreatment  ($6,185.03) 
  Track-hoe w/Imazapyr HS  ($6,925.44) 
  Triclopyr AS w/Imazapyr HS  ($9,020.13) 
  Triclopyr w/retreatment  ($9,993.23) 
  Goats (low cost) w/Imazapyr HS  ($21,461.96) 
  Goat (high cost) w/Imazapyr HS  ($28,500.29) 
 
High water use/value to M&I 
  Imazapyr w/retreatment  ($15,917.54) 
  Track-hoe w/Imazapyr HS  ($17,713.83) 
  Triclopyr AS w/Imazapyr HS  ($23,572.98) 
  Triclopyr w/retreatment  ($25,985.81) 
  Goats (low cost) w/Imazapyr HS  ($33,306.23) 
  Goat (high cost) w/Imazapyr HS  ($40,344.56) 
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the cost of the water lost to Saltcedar.  The preliminary results following the second 
choice represent, at this stage, whether a farmer or rancher can justify various treatment 
methods based solely on the water wasted to Saltcedar.   
 The third choice is whether the revegetation that will be planted is a low water 
user or a high water user.  Once the third choice is made, the final results are calculated 
by adding the value of the additional lost water to the preliminary results.   
Since the literature review, the valuation of detrimental environmental aspects of 
Saltcedar has been left out.  This was purposeful, due to the complexity of determining 
values of nonmarket goods concerning salinity and ecosystem changes or effects.  
The result of this flowchart is a value that should be compared against the value 
of the environmental effects of Saltcedar.  If one’s personal valuation of Saltcedar 
changes to the salinity of the soil and its ecosystem, then the treatment method can be 
justified.  For example, suppose a landowner values the environmental changes Saltcedar 
enacts at a value of $300 per acre.  An array of treatment options will become feasible.  
In a low-water use area, only chemical treatment options will be used with a low water 
use species planted as revegetation.  In a high-water use area, the same treatment methods 
would be feasible and, in addition, track-hoe with Imazapyr retreatment and low-water 
users will be planted as revegetation and Triclopyr with Triclopyr as a retreatment and a 
high-water users will be planted as revegetation.  Table 4.18 is an illustration of the flow 
chart for these methods:  
If a landowner valued the environmental changes induced by Saltcedar over the 
next 10 years by more than $22,000, every treatment method would be feasible.  The best 
way to illustrate the fifth evaluation is by example.  Suppose a landowner is expecting to  
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be able to grow feeder steers after Saltcedar has been eradicated.  Feeder steers are a 
profitable venture in which pasture that includes tall fescue is used.  By assuming tall 
fescue pasture uses 32.83 acre inches (2.73 ac ft) of water per acre and will yield about 
6,955 pounds per acre per growing season, an acre of tall fescue pasture is assumed to 
have the carrying capacity of 2 steers per acre.   
An enterprise budget from Utah State University Extension Economics shows 
$6.74 dollars (2003 dollars) per head net returns to operator and capital.  By converting 
2003 dollars to 2006 dollars, this results in returns of $7.34 to the operator.  With a two 
(2) steer per acre carrying capacity of tall fescue pasture, returns per acre is assumed to 
be $14.68.  Because the water used in the cultivation of tall fescue pasture is assumed to 
be incorporated into the budget of feeder steers, Saltcedar water use is zero for each year 
a profitable venture is evaluated.   
By inserting the returns per acre into each of the production plans, results in none 
of the treatment methods being feasible based only on profits of feeder steers.  Some 
environmental valuation of Saltcedar not occupying the land would still need to be added 
to make any of the treatment methods feasible.  (See Appendices V-Z, for specific 
information about production cycles used in the fifth evaluation.  
 
With Treatment of Saltcedar Versus Without Treatment of Saltcedar 
 
 
 Chapter 4 (Results and Discussions) presented two estimations that we used to 
determine the feasibility and value of Saltcedar eradication.   
The first values are set forth in the beginning of the chapter and are estimates of 
the losses due to Saltcedar.  To effectively evaluate total losses to Saltcedar a production 
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plan similar to the treatment method production plans should be created to determine the 
net losses to Saltcedar if no treatment action is taken.  This production plan can be 
viewed in Appendix AA.  Table 4.19 presents the net losses to an acre of Saltcedar. 
 The second values are the net benefits of Saltcedar treatment extracted from each 
10-year production plan of Saltcedar treatment (see Appendix BB).  These values achieve 
Objective 4 set forth in the Introduction.  These values are based on the value of the water 
saved because of a certain type of Saltcedar treatment.  Because of the different 
effectiveness rates, these values will differ between each treatment method.  Treatment 
methods evaluated in the second and third evaluations are thought to be the most 
representative of a treatment plan that a land manager would implement and, thus, are the 
only production plans included in this net benefit derivation.  Table 4.20 outlines the net 
benefits achieved from each of the five treatment methods.  
As one can see, Imazapyr (HS) with a retreatment application of Imazapyr (HS) is 
the treatment method that has the most estimated net benefits based upon recouping lost 
water.   
 
Table 4.19.  Value of Total Water Loss Attributed to Saltcedar 
Over a 10-Year Period 
           
 
  Value of Water Lost to Tamarisk Over 10 Years 
   Low Tamarisk Water-Use Area 
        Total Losses NPV of Total Losses 
Value of water lost to irrigators  $362.34  $266.69 
Value of water lost to M&I   $62,708.31  $46,153.86 
 
   High Tamarisk water use area 
Value of water lost to irrigators  $952.82  $701.28 
Value of water lost to M&I   $164,899.63  $121,367.56 
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Table 4.20.  Net Benefits Achieved from Five Saltcedar Treatment Methods 
Depending upon Saltcedar Water Usage 
                 
 
Ranking of treatment methods based upon net benefits achieved from Saltcedar treatment--treatment 
methods in evaluations 2 and 3 
   
 Low water use/value to irrigators 
Treatment method Net Benefits 
Imazapyr w/retreatment $232.18  
Track-hoe w/Imazapyr HS $228.43  
Goats (low cost) w/Imazapyr HS $224.69  
Goat (high cost) w/Imazapyr HS $224.69  
Triclopyr AS w/ Imazapyr HS $215.09  
Triclopyr w/ re-treatment $210.08  
    
High water use/value to irrigators 
Treatment method Net Benefits 
Imazapyr w/retreatment $610.54  
Track-hoe w/Imazapyr HS $600.69  
Goats (low cost) w/Imazapyr HS $590.85  
Goat (high cost) w/Imazapyr HS $590.85  
Triclopyr AS w/Imazapyr HS $565.59  
Triclopyr w/retreatment $552.42  
    
Low water use/value to M&I 
Treatment method Net Benefits 
Imazapyr w/retreatment $40,181.64  
Track-hoe w/Imazapyr HS $39,533.71  
Goats (low cost) w/Imazapyr HS $38,885.78  
Goat (high cost) w/Imazapyr HS $38,885.78  
Triclopyr AS w/Imazapyr HS $37,223.70  
Triclopyr w/retreatment $36,356.62  
    
High water use/value to M&I 
Treatment method Net Benefits 
Imazapyr w/retreatment $105,662.84  
Track-hoe w/Imazapyr HS $103,959.02  
Goats (low cost) w/Imazapyr HS $102,255.21  
Goat (high cost) w/Imazapyr HS $102,255.21  
Triclopyr AS w/Imazapyr HS $97,884.55  
Triclopyr w/retreatment $95,604.45  
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The above estimated values can be compared to the total estimated losses due to 
Saltcedar.  The most intuitive way to evaluate the cost/benefit comparison of Saltcedar on 
an acre of land is in matrix form.  Figure 4.4 presents a matrix representation of which 
treatment methods will be cost effective and which treatment methods will not.   
This matrix helps determine that the water-use estimates are what drive the 
cost/benefit analysis.  This simple matrix representation allows the derivation of a break-
even Saltcedar water-use value.  In order to derive a Saltcedar water-use breakeven value 
requires the valuation of lost water at a series of Saltcedar water-use levels.  This study 
uses separations of one acre feet (2.7, 3.7, 4.7, 5.7, 6.7, and 7.1).  The net losses for 
irrigation and M&I for each Saltcedar water-use level are reported below in Table 4.21.  
 
 
 
Figure 4.2.  Matrix representation of net losses to Saltcedar compared to net 
benefits from Saltcedar treatment.   
Low Water Use High Water Use 
Low 
Water 
Value 
High 
Water 
Value 
 
All Methods  
Benefits > Costs 
 
All Methods 
Benefits > Costs 
 
All Methods  
Benefits < Costs 
 
All Methods 
Benefits < Costs 
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Table 4.21.  Total Losses Due to Saltcedar at Various Water-Use Quantities 
            
 
 Total Losses Due to Tamarisk at Various Water-Use Quantities 
           NPV of Total Loss      
 Water Use    Irrigators     MSI 
                
 
 2.7     $266.69  $46,153.86 
 3.7     365.46  63,247.89 
 4.7     464.23  80,341.91 
 5.7     563.00  97,435.93 
 6.7     661.77  114,529.95 
 7.1     701.28  121,367.56 
            
 
 
In order to determine a breakeven water-use quantity, the net benefits from each 
treatment method must be determined at each of the same water-use quantities.  The 
treatment method, Imazapyr (HS) with a retreatment of Imazapyr (HS), is the treatment 
method with the greatest net benefits at all designations of water use and water value.  
For ease of example, this treatment method only will be evaluated for its Saltcedar water-
use breakeven value.  Table 4.22 presents the net benefits of Imazapyr (HS) with 
retreatment at various water-use quantities. 
 
Table 4.22.  Net Benefit of Imazapyr with Retreatment at Various  
Saltcedar Water-Use Quantities 
           
 
   Imazapyr with Recontrol of Imazapyr 
 Net Benefit Due to Tamarisk Control at Various Water-Use Quantities 
           NPV of Total Loss      
 Water Use    Irrigators     MSI 
              
 
 2.7     $232.18  $40,181.64 
 3.7     318.17  55,063.73 
 4.7     404.16  69,945.82 
 5.7     490.15  84,827.91 
 6.7     476.14  99,710.00 
 7.1     610.54  105,662.84 
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The comparison of Tables 4.21 and 4.22 shows that at no water-use quantity will 
the benefits of treatment compensate for the costs of Saltcedar.  This is because of the 
first year of water use.  When taking a societal view of Saltcedar treatment, the first year 
of both benefits and costs are the same.  It is not until one year later that the treatment 
method is effective because of which only the last nine years of each plan should be taken 
into account when determining total losses compared to total benefits of treatment.   
 However, when viewed from a farm management point of view the total benefits 
of treatment should be compared to the NPV of treatment costs over the production 
period.  When comparing the benefits of treatment to the out-of pocket costs of treatment, 
several treatment methods become feasible from an irrigators stand-point.  Table 4.23 
illustrates this. 
 
Table 4.23.  Cost/Benefit of Saltcedar Treatment from a Farm Management Point of 
View 
             
 
  NPV of Cost of Net Benefits to 
 Control Method Control Irrigators Difference 
       
 
 Imazapyr w/recontrol $212.81 $232.18 $19.37 
 Track hoe w/Imazapyr HS 387.98 228.43 (159.55) 
 Goats (low cost) w/Imazapyr 
   HS 14,193.88 224.69 (13,969.19) 
 Goat (high cost) 2/Imazapyr 
   HS 21,232,.21 224.69 (21,007.52) 
 Triclopyr AS w/Imazapyr 
   HS 89.97 215.09 125.11 
 Triclopyr w/recontrol 195.99 210.08 14.08 
 
 Imazapyr w/recontrol 212.81 610.54 397.73 
 Track hoe w/Imazapyr HS 487.98 600.69 212.71 
 Goats (low cost) w/Imazapyr 
   HS 14,193.88 590.85 (13,603.03) 
 Goat (high cost) w/Imazapyr 
   HS 21,232.21 590.85 (20,641.36) 
 Triclopyr AS w/Imazapyr 
   HS 89.97 565.59 475.62 
 Triclopyr w/recontrol 222.70 552.42 329.72 
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From a farm management perspective, the most cost-effective management of 
Saltcedar is achieved with aerial application of Triclopyr followed in year 2 with 
Imazapyr applied in a hand sprayer.   
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CHAPTER 5 
 
SUMMARY 
 
 
 Saltcedar (i.e., Tamarix) is a prominent weed in most western states.  While some 
areas have a greater level of infestation, interest in treatment options is growing.   
 Labeled noxious by the USDA, Saltcedar can be detrimental to the ecosystem it 
invades.  Saltcedar has been known to use great amounts of water, translocate salts, affect 
wildlife, and cause other spatial ecosystem effects.  Saltcedar uses from 2.7 acre feet to 
7.1 acre feet of water per year depending on region and elevation. 
 The main goal of Saltcedar treatment has been to conserve water, but assessing 
the economic feasibility of this feat has not been evaluated.  This study compares each 
treatment method and the water saved in order to determine whether each treatment 
method can be financially justified.  
 The literature review revealed a number of treatment methods that have been used 
to treat Saltcedar that include:  fire, chemical, mechanical, and biological.  
Evaluations of each treatment method, except Saltcedar leaf beetles, were 
evaluated on the criteria of cost and effectiveness. Each treatment method was adapted to 
a ten year production plan which incorporated Saltcedar water-use, treatment method 
effectiveness and the cost of a method of treatment.  These production plans were then 
evaluated on the basis of net present value and the treatment methods with the lowest net 
present value losses were deemed best.  Incorporating a phase of Saltcedar eradication 
was pertinent and evaluation four proved to be the most realistic.   
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The fourth evaluation incorporated the initial treatment, re-treatment, Saltcedar 
water-use and re-vegetation water-use together.  The dominate treatment methods were 
Triclopyr (AS) with a re-treatment of Imazapyr (HS), Imazapyr (HS) with re-treatment of 
Imazapyr (HS) and Triclopyr (HS) with re-treatment of Triclopyr (HS).  Determining 
which treatment method is best for the situation is a product of whether the treatment site 
is in an area of low or high Saltcedar water use and what type of re-vegetation will be 
planted.  
The fifth evaluation can be used as a farm management tool which can be 
personalized to each situation.  While incorporating the net present value of a profitable 
crop and its water-use an individual can evaluate each specific enterprise to determine 
which treatment methods are most feasible.  The example presented, used alfalfa as the 
crop of choice.   
 
Conclusion 
 
 
Personal valuation of the detrimental ecosystem changes Saltcedar induces is the 
deciding factor when evaluating treatment methods of Saltcedar.  At the firm level, every 
evaluated treatment method becomes feasible when a landowner values the 
environmental changes at more than $21,594.44, over the next ten years.  A landowner’s 
choice of treatment method will tell a great deal about the value they place on achieving 
the absence of Saltcedar. 
If aspects such as transaction costs, non-market values, ect. hinder the use of one 
treatment method the value of the transaction costs can simply be added to the absolute 
value of the net losses.  If a landowner has a problem with spraying herbicide, the 
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difference of net values between the herbicide treatment method and the next closest 
mechanical or biological method.  If a landowner uses a method such as goats, one could 
assume the difference between the next closest net values, could be considered the value 
of “natural means.” 
 
Suggestions for Further Research 
 
 
 Definitive data has been a major problem that has limited this study.  Most of the 
biological data surrounding Saltcedar uses ranges to describe aspects such as water use, 
biological changes, and densities.  This is typical of most biological studies, where there 
is little or no quantitative data.  However, marginal analysis would be valuable when 
evaluating how much treatment is needed.   
Marginal analysis is one of the most useful tools economists have to offer.  In the 
case of Saltcedar there has been essentially no marginal analysis of Saltcedar treatment.  
It would be interesting to incorporate a marginal analysis into Saltcedar eradication.   
Non-market valuation is a big part of this problem.  While specific studies are not 
needed to determine firm level value, the value of not having Saltcedar from a social 
point of view would be interesting.  How much more would a people pay for use of an 
area that was not infested with Saltcedar.  These social values could then be used to 
determine the feasibility of a social crusade to abate Saltcedar.   
As of yet, no policy research has been done concerning strictly Saltcedar.  There 
are several policy concerns which are apparent.  They include landowner conflicts, state 
to state water agreement conflicts, and capitol asset value loss.   
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pe
n
di
x
 
G:
 
 
Pr
o
du
ct
io
n
 
Pl
a
n
 
w
ith
 
Tr
ic
lo
py
r 
(A
S)
 
as
 
th
e 
C
o
n
tr
o
l M
e
th
o
d
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ad
ic
at
io
n
 
Pl
an
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r 
Ta
m
ar
ix
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en
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ic
lo
py
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App
en
dix
 
H: 
 
Pro
duc
tion
 
Pla
n w
ith 
Ha
nd 
Cu
ttin
g a
s th
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on
tro
l M
eth
od
Era
dic
atio
n P
lan
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arix
 
spp
.
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6
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$    
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$    
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$    
 
 
 
 
 
 
 
38.
47
$    
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2.4
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2.4
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2.4
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2.4
3
2.4
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2.4
3
2.4
3
2.4
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$    
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61
$    
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$    
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61
$    
 
 
 
 
 
 
 
32.
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$    
 
 
 
 
 
 
32.
61
$    
 
 
 
 
 
 
32.
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$    
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.
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$    
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4
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2.0
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$    
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43.
75
$    
 
 
 
5,6
43.
75
$    
 
 
 
5,6
43.
75
$    
 
 
 
5,6
43.
75
$    
 
 
5,6
43.
75
$    
 
5,6
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75
$    
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.
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$    
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0.0
6
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0.2
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0.2
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en
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ato
rs
0.0
0
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2
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2
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2
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2
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3.6
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3.6
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$    
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.
08
$    
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.
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$    
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$    
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.
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$    
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.
08
$    
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.
08
$    
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.
08
$    
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.
08
$    
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.
08
$    
 
 
 
 
5,6
43.
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3
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6
7
8
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$    
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64
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53.
24
$    
 
 
 
 
 
 
 
 
45.
26
$    
 
 
 
 
 
 
 
38.
47
$    
 
 
 
 
 
 
32.
70
$    
 
 
 
 
 
 
27.
79
$    
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.
50
$    
 
 
 
 
 
$50
8.6
1
Wa
ter 
Los
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7.1
0
6.3
9
6.3
9
6.3
9
6.3
9
6.3
9
6.3
9
6.3
9
6.3
9
6.3
9
64.
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ue
 
of W
ate
r Lo
st t
o Ir
riga
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$    
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75
$    
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75
$    
 
 
 
 
 
 
85.
75
$    
 
 
 
 
 
 
85.
75
$    
 
 
 
 
 
 
 
 
85.
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$    
 
 
 
 
 
 
 
 
85.
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$    
 
 
 
 
 
 
 
85.
75
$    
 
 
 
 
 
 
85.
75
$    
 
 
 
 
 
 
85.
75
$    
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.
07
$    
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0.1
4
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.
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ue
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ate
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o M
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.
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.
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$    
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.
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$    
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840
.
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$    
14,
840
.
97
$    
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840
.
97
$    
 
14,
840
.
97
$    
 
14,
840
.
97
$    
14,
840
.
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$    
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840
.
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0.7
1
0.7
1
0.7
1
6.3
9
Val
ue
 
of b
en
efit
s to
 
Irrig
ato
rs
0.0
0
9.5
3
9.5
3
9.5
3
9.5
3
9.5
3
9.5
3
9.5
3
9.5
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I
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1,6
49.
00
$    
 
 
 
1,6
49.
00
$    
 
 
 
1,6
49.
00
$    
 
 
1,6
49.
00
$    
 
1,6
49.
00
$    
 
14,
840
.
97
$10
,58
1.1
0
Tot
al B
en
efit
 
of 
Con
tro
l
Yea
r
Yea
r
Net
 
Val
ue
 
of T
am
aris
k C
on
trol
 
(Low
 
Wa
ter 
Use
 
Are
a)
Net
 
Val
ue
 
of T
am
aris
k C
on
trol
 
(Hig
h W
ate
r U
se
 
Are
a)
Tot
al B
en
efit
 
of 
Con
tro
l
 110
Ap
pen
dix
 
I:  P
ro
duc
tion
 
Pla
n w
ith 
Bu
sh-
ho
ggi
ng 
as
 
the
 
Co
ntr
ol M
eth
od
Era
dic
atio
n P
lan
 
for 
Tam
arix
 
spp
.
Age
nt:
Bus
h H
ogg
ing
12.
70
$    
 
 
 
 
 
 
Cos
t 
App
lica
tion
 
Joh
n D
ee
re 
746
0 w
/ 15
 
ft b
us
hho
g
0E
ffec
tive
ne
ss
Val
ue
s a
re 
per
 
ac
re
Tam
aris
k u
se
s 2
.
7 - 
7.1
 
ac
re 
ft. o
f wa
ter 
per
 
yea
r
Val
ue
 
of W
ate
r:
Irrig
ato
rs
13.
42
$    
 
 
 
 
 
 
 
M&
I
2,3
22.
53
$    
 
 
 
1
2
3
4
5
6
7
8
9
10
Tot
al 
NP
V
Ne
t Lo
sse
s
Cos
t of
 
Con
trol
12.
70
$    
 
 
 
 
 
 
 
 
12.
70
$    
 
 
 
 
 
 
 
12.
70
$    
 
 
 
 
 
 
 
12.
70
$    
 
 
 
 
 
 
12.
70
$    
 
 
 
 
 
 
12.
70
$    
 
 
 
 
 
12.
70
$    
 
 
 
 
 
12.
70
$    
 
 
 
 
 
 
12.
70
$    
 
 
 
 
 
 
12.
70
$    
 
 
 
 
 
127
.
00
$    
 
 
 
 
 
 
 
$93
.
47
Wa
ter 
Los
t 
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
2.7
27.
00
$    
 
 
 
 
 
 
 
 
 
Val
ue
 
of W
ate
r Lo
st t
o Ir
riga
tors
36.
23
$    
 
 
 
 
 
 
 
 
36.
23
$    
 
 
 
 
 
 
 
36.
23
$    
 
 
 
 
 
 
 
36.
23
$    
 
 
 
 
 
 
36.
23
$    
 
 
 
 
 
 
36.
23
$    
 
 
 
 
 
36.
23
$    
 
 
 
 
 
36.
23
$    
 
 
 
 
 
 
36.
23
$    
 
 
 
 
 
 
36.
23
$    
 
 
 
 
 
362
.
34
$    
 
 
 
 
 
 
 
$26
6.6
9
($36
0.1
6)
Val
ue
 
of W
ate
r Lo
st t
o M
&I
6,2
70.
83
$    
 
 
 
 
6,2
70.
83
$    
 
 
 
6,2
70.
83
$    
 
 
 
6,2
70.
83
$    
 
6,2
70.
83
$    
 
 
6,2
70.
83
$    
 
6,2
70.
83
$    
 
6,2
70.
83
$    
 
6,2
70.
83
$    
 
 
6,2
70.
83
$    
 
62,
708
.
31
$    
 
 
$46
,15
3.8
6
($46
,24
7.3
4)
Net
 
Ben
efit
s
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
Val
ue
 
of b
en
efit
s to
 
Irrig
ato
rs
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
$0.0
0
Val
ue
 
of b
en
efit
s to
 
M&
I
-
$    
 
 
 
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
0.0
0
$0.0
0
1
2
3
4
5
6
7
8
9
10
Tot
al 
NP
V
Ne
t Lo
sse
s
Cos
t of
 
Con
trol
12.
70
$    
 
 
 
 
 
 
 
 
12.
70
$    
 
 
 
 
 
 
 
12.
70
$    
 
 
 
 
 
 
 
12.
70
$    
 
 
 
 
 
 
12.
70
$    
 
 
 
 
 
 
12.
70
$    
 
 
 
 
 
12.
70
$    
 
 
 
 
 
12.
70
$    
 
 
 
 
 
 
12.
70
$    
 
 
 
 
 
 
12.
70
$    
 
 
 
 
 
127
.
00
$    
 
 
 
 
 
 
 
$93
.
47
Wa
ter 
Los
t 
7.1
7.1
7.1
7.1
7.1
7.1
7.1
7.1
7.1
7.1
71.
00
$    
 
 
 
 
 
 
 
 
 
Val
ue
 
of W
ate
r Lo
st t
o Ir
riga
tors
95.
28
$    
 
 
 
 
 
 
 
 
95.
28
$    
 
 
 
 
 
 
 
95.
28
$    
 
 
 
 
 
 
 
95.
28
$    
 
 
 
 
 
 
95.
28
$    
 
 
 
 
 
 
95.
28
$    
 
 
 
 
 
95.
28
$    
 
 
 
 
 
95.
28
$    
 
 
 
 
 
 
95.
28
$    
 
 
 
 
 
 
95.
28
$    
 
 
 
 
 
952
.
82
$    
 
 
 
 
 
 
 
$70
1.2
8
($79
4.7
6)
Val
ue
 
of W
ate
r Lo
st t
o M
&I
16,
489
.
96
$    
 
 
16,
489
.
96
$    
 
16,
489
.
96
$    
 
16,
489
.
96
$    
16,
489
.
96
$    
16,
489
.
96
$   
16,
489
.
96
$   
16,
489
.
96
$    
16,
489
.
96
$    
16,
489
.
96
$   
164
,89
9.6
3
$    
 
$12
1,3
67.
56
($12
1,4
61.
04)
Net
 
Ben
efit
s
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
Val
ue
 
of b
en
efit
s to
 
Irrig
ato
rs
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
$0.0
0
Net
 
Val
ue
 
of T
am
aris
k C
on
trol
 
(Low
 
Wa
ter
 
Use
 
Are
a)
Tot
al B
en
efit
 
of 
Con
tro
l
Tot
al B
en
efit
 
of 
Yea
r
Yea
r
Net
 
Val
ue
 
of T
am
aris
k C
on
trol
 
(Hig
h W
ate
r U
se
 
Are
a)
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Ap
pe
n
di
x
 
J:
 
 
Pr
o
du
ct
io
n
 
Pl
an
 
w
ith
 
B
u
lld
o
z
in
g 
as
 
th
e 
Co
n
tro
l M
e
th
o
d
Er
ad
ic
at
io
n 
Pl
an
 
fo
r 
Ta
m
ar
ix
 
sp
p.
Ag
en
t:
Bu
lld
oz
er
20
4.
38
$  
 
 
 
 
 
 
27
8.
10
$  
 
 
 
 
 
 
 
 
Va
lu
es
 
pe
r 
ac
re
0.
98
Ta
m
ar
is
k 
us
es
 
2.
7 
-
 
7.
1 
ac
re
 
ft.
 
of
 
w
at
er
 
pe
r 
ye
ar
Va
lu
e 
of
 
W
at
er
:
Irr
iga
to
rs
13
.
42
$  
 
 
 
 
 
 
 
M
&I
2,
32
2.
53
$  
 
 
 
1
2
3
4
5
6
7
8
9
10
To
ta
l 
NP
V
Ne
t L
os
se
s
Co
st
 
of
 
Co
nt
ro
l
20
4.
38
$  
 
 
 
 
 
 
 
20
4.
38
$  
 
 
 
 
 
 
$1
92
.
81
W
at
er
 
Lo
st
 
2.
70
0.
05
0.
00
0.
00
0.
00
0.
00
0.
00
0.
00
0.
00
0.
00
2.
76
$  
 
 
 
 
 
 
 
 
 
 
Va
lu
e 
of
 
W
at
er
 
Lo
st
 
to
 
Irr
iga
to
rs
36
.
23
$  
 
 
 
 
 
 
 
 
0.
72
$  
 
 
 
 
 
 
 
 
 
0.
01
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
36
.
97
$  
 
 
 
 
 
 
 
 
$3
4.
84
($2
27
.
65
)
Va
lu
e 
of
 
W
at
er
 
Lo
st
 
to
 
M
&I
6,
27
0.
83
$  
 
 
 
 
12
5.
42
$  
 
 
 
 
 
2.
51
$  
 
 
 
 
 
 
 
 
 
 
0.
05
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
6,
39
8.
81
$  
 
 
 
$6
,
02
9.
65
($6
,
22
2.
46
)
Ne
t B
en
ef
its
0.
00
2.
65
2.
70
2.
70
2.
70
2.
70
2.
70
2.
70
2.
70
2.
70
24
.
24
Va
lu
e 
of
 
be
ne
fit
s 
to
 
Irr
iga
to
rs
0.
00
35
.
51
36
.
22
36
.
23
36
.
23
36
.
23
36
.
23
36
.
23
36
.
23
36
.
23
32
5.
37
$2
31
.
85
Va
lu
e 
of
 
be
ne
fit
s 
to
 
M
&I
-
$  
 
 
 
 
 
 
 
 
 
 
 
 
6,
14
5.
41
$  
 
 
 
6,
26
8.
32
$  
 
 
 
6,
27
0.
78
$  
 
 
 
 
 
6,
27
0.
83
$  
 
 
 
6,
27
0.
83
$  
 
 
 
6,
27
0.
83
$  
 
 
 
6,
27
0.
83
$  
 
 
 
 
 
6,
27
0.
83
$  
 
 
 
6,
27
0.
83
$  
 
 
 
 
56
,
30
9.
50
$4
0,
12
4.
22
1
2
3
4
5
6
7
8
9
10
To
ta
l 
NP
V
Ne
t L
os
se
s
Co
st
 
of
 
Co
nt
ro
l
20
4.
38
$  
 
 
 
 
 
 
 
20
4.
38
$  
 
 
 
 
 
 
$1
92
.
81
W
at
er
 
Lo
st
 
7.
10
0.
14
0.
00
0.
00
0.
00
0.
00
0.
00
0.
00
0.
00
0.
00
7.
24
$  
 
 
 
 
 
 
 
 
 
 
Va
lu
e 
of
 
W
at
er
 
Lo
st
 
to
 
Irr
iga
to
rs
95
.
28
$  
 
 
 
 
 
 
 
 
1.
91
$  
 
 
 
 
 
 
 
 
 
0.
04
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
97
.
23
$  
 
 
 
 
 
 
 
 
$9
1.
62
($2
84
.
43
)
Va
lu
e 
of
 
W
at
er
 
Lo
st
 
to
 
M
&I
16
,
48
9.
96
$  
 
 
32
9.
80
$  
 
 
 
 
 
6.
60
$  
 
 
 
 
 
 
 
 
 
 
0.
13
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
16
,
82
6.
49
$  
 
 
$1
5,
85
5.
73
($1
6,
04
8.
54
)
Ne
t B
en
ef
its
0.
00
6.
96
7.
10
7.
10
7.
10
7.
10
7.
10
7.
10
7.
10
7.
10
63
.
76
Va
lu
e 
of
 
be
ne
fit
s 
to
 
Irr
iga
to
rs
0.
00
93
.
38
95
.
24
95
.
28
95
.
28
95
.
28
95
.
28
95
.
28
95
.
28
95
.
28
85
5.
59
$6
09
.
67
Va
lu
e 
of
 
be
ne
fit
s 
to
 
M
&I
-
$  
 
 
 
 
 
 
 
 
 
 
 
 
16
,
16
0.
16
$  
 
16
,
48
3.
37
$  
 
 
16
,
48
9.
83
$  
 
 
 
16
,
48
9.
96
$  
 
16
,
48
9.
96
$  
 
 
16
,
48
9.
96
$  
 
16
,
48
9.
96
$  
 
 
 
16
,
48
9.
96
$  
 
 
16
,
48
9.
96
$  
 
 
 
14
8,
07
3.
14
$1
05
,5
11
.
83
1
2
3
4
5
6
7
8
9
10
To
ta
l 
NP
V
Ne
t L
os
se
s
Co
st
 
of
 
Co
nt
ro
l
27
8.
10
$  
 
 
 
 
 
 
 
27
8.
10
$  
 
 
 
 
 
 
$2
62
.
36
W
at
er
 
Lo
st
 
2.
70
0.
05
0.
00
0.
00
0.
00
0.
00
0.
00
0.
00
0.
00
0.
00
2.
76
$  
 
 
 
 
 
 
 
 
 
 
Va
lu
e 
of
 
W
at
er
 
Lo
st
 
to
 
Irr
iga
to
rs
36
.
23
$  
 
 
 
 
 
 
 
 
0.
72
$  
 
 
 
 
 
 
 
 
 
0.
01
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
36
.
97
$  
 
 
 
 
 
 
 
 
$3
4.
84
($2
97
.
20
)
Va
lu
e 
of
 
W
at
er
 
Lo
st
 
to
 
M
&I
6,
27
0.
83
$  
 
 
 
 
12
5.
42
$  
 
 
 
 
 
2.
51
$  
 
 
 
 
 
 
 
 
 
 
0.
05
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
6,
39
8.
81
$  
 
 
 
$6
,
02
9.
65
($6
,
29
2.
00
)
Ne
t B
en
ef
its
0.
00
2.
65
2.
70
2.
70
2.
70
2.
70
2.
70
2.
70
2.
70
2.
70
24
.
24
Va
lu
e 
of
 
be
ne
fit
s 
to
 
Irr
iga
to
rs
0.
00
35
.
51
36
.
22
36
.
23
36
.
23
36
.
23
36
.
23
36
.
23
36
.
23
36
.
23
32
5.
37
$2
31
.
85
Va
lu
e 
of
 
be
ne
fit
s 
to
 
M
&I
-
$  
 
 
 
 
 
 
 
 
 
 
 
 
6,
14
5.
41
$  
 
 
 
6,
26
8.
32
$  
 
 
 
6,
27
0.
78
$  
 
 
 
 
 
6,
27
0.
83
$  
 
 
 
6,
27
0.
83
$  
 
 
 
6,
27
0.
83
$  
 
 
 
6,
27
0.
83
$  
 
 
 
 
 
6,
27
0.
83
$  
 
 
 
6,
27
0.
83
$  
 
 
 
 
56
,
30
9.
50
$4
0,
12
4.
22
1
2
3
4
5
6
7
8
9
10
To
ta
l 
NP
V
Ne
t L
os
se
s
Co
st
 
of
 
Co
nt
ro
l
27
8.
10
$  
 
 
 
 
 
 
 
27
8.
10
$  
 
 
 
 
 
 
$2
62
.
36
W
at
er
 
Lo
st
 
7.
10
0.
14
0.
00
0.
00
0.
00
0.
00
0.
00
0.
00
0.
00
0.
00
7.
24
$  
 
 
 
 
 
 
 
 
 
 
Va
lu
e 
of
 
W
at
er
 
Lo
st
 
to
 
Irr
iga
to
rs
95
.
28
$  
 
 
 
 
 
 
 
 
1.
91
$  
 
 
 
 
 
 
 
 
 
0.
04
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
97
.
23
$  
 
 
 
 
 
 
 
 
$9
1.
62
($3
53
.
98
)
Va
lu
e 
of
 
W
at
er
 
Lo
st
 
to
 
M
&I
16
,
48
9.
96
$  
 
 
32
9.
80
$  
 
 
 
 
 
6.
60
$  
 
 
 
 
 
 
 
 
 
 
0.
13
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
0.
00
$  
 
 
 
 
 
 
 
 
 
 
 
16
,
82
6.
49
$  
 
 
$1
5,
85
5.
73
($1
6,
11
8.
09
)
Ne
t B
en
ef
its
0.
00
6.
96
7.
10
7.
10
7.
10
7.
10
7.
10
7.
10
7.
10
7.
10
63
.
76
To
ta
l B
e
n
e
fit
 
o
f C
o
n
tro
l
To
ta
l B
e
n
e
fit
 
o
f C
o
n
tro
l
Ne
t V
a
lu
e
 
o
f T
a
m
a
ris
k 
Co
n
tro
l (L
o
w
 
W
a
te
r 
Us
e
 
Ar
e
a
) (H
ig
h 
Co
st
 
o
f C
o
n
tro
l)
Ye
ar
Ne
t V
a
lu
e
 
o
f T
a
m
a
ris
k 
Co
n
tro
l (H
ig
h 
W
a
te
r 
Us
e
 
Ar
e
a
)
Ye
ar
Ye
ar
Ye
ar
Ne
t V
a
lu
e
 
o
f T
a
m
a
ris
k 
Co
n
tro
l (H
ig
h 
W
a
te
r 
Us
e
 
Ar
e
a
)
Ne
t V
a
lu
e
 
o
f T
a
m
a
ris
k 
Co
n
tro
l (L
o
w
 
W
a
te
r 
Us
e
 
Ar
e
a
) (L
o
w
 
Co
st
 
o
f C
o
n
tro
l)
To
ta
l B
e
n
e
fit
 
o
f C
o
n
tro
l
 112
App
en
dix
 
K: 
 
Pro
duc
tion
 
Pla
n w
ith 
Tra
ck 
-
Ho
e E
xc
av
atio
n a
s th
e C
on
tro
l M
eth
od
Era
dic
atio
n P
lan
 
for 
Tam
arix
 
spp
.
Age
nt:
Tra
ck-
hoe
365
.
75
$    
 
 
 
 
Cos
t 
Val
ue
s p
er 
ac
re
0.8
75
Effe
ctiv
en
es
s
Tam
aris
k u
se
s 2
.
7 - 
7.1
 
ac
re 
ft. o
f wa
ter 
per
 
yea
r
Val
ue
 
of W
ate
r:
Irrig
ato
rs
13.
42
$    
 
 
 
 
 
M&
I
2,3
22.
53
$    
1
2
3
4
5
6
7
8
9
10
Tot
al 
NP
V
Net
 
Los
se
s
Cos
t of
 
Con
trol
365
.
75
$    
 
 
 
 
 
365
.
75
$    
 
 
 
$34
5.0
5
Wa
ter 
Los
t 
2.7
0
0.3
4
0.0
4
0.0
1
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
Val
ue
 
of W
ate
r Lo
st t
o Ir
riga
tors
36.
23
$    
 
 
 
 
 
 
 
4.5
3
$    
 
 
 
 
 
 
 
0.5
7
$    
 
 
 
 
 
 
 
0.0
7
$    
 
 
 
 
 
 
0.0
1
$    
 
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
41.
41
$    
 
 
 
 
 
$38
.
75
($38
3.8
0)
Val
ue
 
of W
ate
r Lo
st t
o M
&I
6,2
70.
83
$    
 
 
783
.
85
$    
 
 
 
97.
98
$    
 
 
 
 
 
 
12.
25
$    
 
 
 
 
 
1.5
3
$    
 
 
 
 
 
 
 
0.1
9
$    
 
 
 
 
 
 
 
 
0.0
2
$    
 
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
7,1
66.
66
$    
$6,7
06.
77
($7,
051
.
82)
Net
 
Ben
efit
s
0.0
0
2.3
6
2.6
6
2.6
9
2.7
0
2.7
0
2.7
0
2.7
0
2.7
0
2.7
0
23.
91
Val
ue
 
of b
en
efit
s to
 
Irrig
ato
rs
0.0
0
31.
70
35.
67
36.
16
36.
23
36.
23
36.
23
36.
23
36.
23
36.
23
320
.
93
$22
7.9
3
Val
ue
 
of b
en
efit
s to
 
M&
I
-
$    
 
 
 
 
 
 
 
 
 
 
5,4
86.
98
$    
6,1
72.
85
$    
 
6,2
58.
58
$    
6,2
69.
30
$    
 
6,2
70.
64
$    
 
 
6,2
70.
81
$    
 
6,2
70.
83
$    
 
 
 
6,2
70.
83
$    
 
 
6,2
70.
83
$    
 
55,
541
.
65
$39
,44
7.0
9
1
2
3
4
5
6
7
8
9
10
Tot
al 
NP
V
Net
 
Los
se
s
Cos
t of
 
Con
trol
365
.
75
$    
 
 
 
 
 
365
.
75
$    
 
 
 
$34
5.0
5
Wa
ter 
Los
t 
7.1
0
0.8
9
0.1
1
0.0
1
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
Val
ue
 
of W
ate
r Lo
st t
o Ir
riga
tors
95.
28
$    
 
 
 
 
 
 
 
11.
91
$    
 
 
 
 
 
1.4
9
$    
 
 
 
 
 
 
 
0.1
9
$    
 
 
 
 
 
 
0.0
2
$    
 
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
108
.
89
$    
 
 
 
$10
1.9
1
($44
6.9
5)
Val
ue
 
of W
ate
r Lo
st t
o M
&I
16,
489
.
96
$    
2,0
61.
25
$    
257
.
66
$    
 
 
 
 
32.
21
$    
 
 
 
 
 
4.0
3
$    
 
 
 
 
 
 
 
0.5
0
$    
 
 
 
 
 
 
 
 
0.0
6
$    
 
 
 
 
 
 
 
0.0
1
$    
 
 
 
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
18,
845
.
67
$  
$17
,63
6.3
2
($17
,98
1.3
7)
Net
 
Ben
efit
s
0.0
0
6.2
1
6.9
9
7.0
9
7.1
0
7.1
0
7.1
0
7.1
0
7.1
0
7.1
0
62.
89
Val
ue
 
of b
en
efit
s to
 
Irrig
ato
rs
0.0
0
83.
37
93.
79
95.
10
95.
26
95.
28
95.
28
95.
28
95.
28
95.
28
843
.
93
$59
9.3
8
Val
ue
 
of b
en
efit
s to
 
M&
I
-
$    
 
 
 
 
 
 
 
 
 
 
14,
428
.
72
$   
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App
en
dix
 
V: 
 
Pro
duc
tion
 
Pla
n w
ith 
Ima
za
pyr
, re
-
co
ntr
ol, 
an
d fe
ede
r s
tee
rs 
as
 
pro
fita
ble
 
ou
tpu
t
Era
dic
atio
n P
lan
 
for 
Tam
arix
 
spp
.
Age
nt:
Ima
za
pyr
180
.
04
$    
 
 
Cos
t 
48.
27
$    
 
 
 
 
 
 
 
Cos
t of
 
re-
co
ntro
l
App
lica
tion
 
me
tho
d:
Han
d S
pra
yer
0.9
9E
ffec
tive
ne
ss
0.9
9E
ffec
tive
ne
ss
 
of r
e-c
on
trol
Val
ue
s p
er 
ac
re
Tam
aris
k u
se
s 2
.
7 - 
7.1
 
ac
re 
ft. o
f wa
ter 
per
 
yea
r
Val
ue
 
of W
ate
r:
Irrig
ato
rs
13.
42
$    
 
 
 
 
 
 
Alfa
lfa 
Use
s
3.1
ac
re 
ft. /
 
yr
M&
I
2,3
22.
53
$    
 
 
1
2
3
4
5
6
7
8
9
10
Tot
al 
NP
V
Ne
t Lo
sse
s
Cos
t of
 
Con
trol
180
.
04
$    
 
 
 
48.
27
$    
 
 
 
 
 
 
228
.
31
$    
 
 
 
 
$21
2.8
1
Wa
ter 
Los
t 
2.7
0
0.0
3
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
Val
ue
 
of W
ate
r Lo
st t
o Ir
riga
tors
36.
23
$    
 
 
 
 
 
0.3
6
$    
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
36.
60
$    
 
 
 
 
 
 
$34
.
51
($24
7.3
1)
Fee
der
 
Ste
ers
$14
.
68
$14
.
68
$14
.
68
$14
.
68
$14
.
68
$14
.
68
$14
.
68
$14
.
68
117
.
44
$    
 
 
 
 
$91
.
16
($15
6.1
5)
1
2
3
4
5
6
7
8
9
10
Tot
al 
NP
V
Ne
t Lo
sse
s
Cos
t of
 
Con
trol
180
.
04
$    
 
 
 
48.
27
$    
 
 
 
 
 
 
48.
27
$    
 
 
 
 
276
.
58
$    
 
 
 
 
$25
3.3
4
Wa
ter 
Los
t 
7.1
0
0.0
7
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
Val
ue
 
of W
ate
r Lo
st t
o Ir
riga
tors
95.
28
$    
 
 
 
 
 
0.9
5
$    
 
 
 
 
 
 
 
 
0.0
1
$    
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
96.
24
$    
 
 
 
 
 
 
$90
.
74
($34
4.0
8)
Fee
der
 
Ste
ers
$14
.
68
$14
.
68
$14
.
68
$14
.
68
$14
.
68
$14
.
68
$14
.
68
102
.
76
$    
 
 
 
 
$81
.
95
($26
2.1
3)
Yea
r
5th
 
Eva
lua
tion
 
(Ima
za
pyr
 
w/ 
re
-
co
ntr
ol a
nd 
Alf
alfa
 
wa
ter
 
us
e)
Ne
t V
alu
e o
f Ta
ma
risk
 
Con
tro
l (Lo
w 
Wa
ter
 
Use
 
Are
a)
Yea
r
Ne
t V
alu
e o
f Ta
ma
risk
 
Con
tro
l (Hi
gh 
Wa
ter
 
Use
 
Are
a)
 125
Ap
pen
dix
 
W:
 
 
Pro
du
ctio
n P
lan
 
wit
h T
ricl
opy
r, r
e-c
on
tro
l, a
nd
 
fee
der
 
ste
ers
 
as
 
pro
fita
ble
 
ou
tpu
t
Era
dic
atio
n P
lan
 
for 
Tam
arix
 
spp
.
Age
nt:
Tric
lop
yer
76.
46
$    
 
 
 
Cos
t
37.
89
$   
Cos
t o
f re
-
co
ntr
ol 
App
lica
tion
 
me
tho
d:
Ha
nd 
Spr
aye
r
0.5
8E
ffec
tive
ne
ss
0.5
8E
ffec
tive
ne
ss
 
of r
e-c
on
tro
l
Va
lue
s p
er 
ac
re
Tam
aris
k u
se
s 2
.
7 - 
7.1
 
ac
re 
ft. o
f w
ate
r pe
r ye
ar
Va
lue
 
of W
ate
r:
Irrig
ato
rs
13.
42
$    
 
 
 
 
 
 
Alfa
lfa 
Use
s
3.1
ac
re 
ft. /
 
yr
M&
I
2,3
22.
53
$    
 
1
2
3
4
5
6
7
8
9
10
To
tal
 
NP
V
Ne
t L
os
se
s
Cos
t o
f Co
ntr
ol
76.
46
$    
 
 
 
 
 
37.
89
$    
 
 
 
 
 
 
37.
89
$    
 
 
 
37.
89
$    
 
 
 
 
37.
89
$   
228
.
02
$    
 
 
 
$19
5.9
9
Wa
ter
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2.7
1.1
3
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0.0
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0.0
4
0.0
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0.0
0
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lue
 
of W
ate
r Lo
st 
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Irrig
ato
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36.
23
$    
 
 
 
 
 
15.
22
$    
 
 
 
 
 
 
6.3
9
$    
 
 
 
 
 
2.6
8
$    
 
 
 
 
 
1.1
3
$    
 
0.4
7
$    
 
-
$    
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
62.
13
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$56
.
40
($25
2.3
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Fee
der
 
Ste
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$14
.
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$14
.
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$14
.
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.
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.
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.
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3
4
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6
7
8
9
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os
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s
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t o
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$    
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37.
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$   
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.
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8
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2
0.0
9
0.0
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0
0.0
0
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lue
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ate
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Irrig
ato
rs
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28
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40.
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16.
81
$    
 
 
 
7.0
6
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2.9
6
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1.2
5
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0.5
2
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8.6
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pr
od
uc
tio
n 
Pl
an
 
w
ith
 
Go
at
s,
 
Re
-
co
nt
ro
l, a
nd
 
fee
de
r s
te
er
s 
as
 
pr
of
ita
bl
e 
ou
tp
ut
Er
ad
ica
tio
n 
Pl
an
 
for
 
Ta
m
ar
ix 
sp
p.
Ag
en
t:
Go
at
s/ 
Im
az
ap
yr 
(HS
)
15
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00
0.0
0
$  
 
 
 
22
,
46
0.6
3
$  
 
 
 
Co
st
48
.
24
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co
nt
ro
 
w
ith
 
Im
az
ap
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(HS
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fec
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en
es
s
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fec
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ro
l
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pe
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us
es
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W
at
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ga
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Al
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ro
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W
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Fe
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.
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App
en
dix
 
Y:  
Pro
duc
tion
 
Pla
n w
ith 
Tric
lop
yr (A
S), r
e- 
co
ntro
l, an
d fe
ede
r s
tee
rs 
as
 
pro
fita
ble
 
ou
tpu
t
Era
dica
tion
 
Pla
n fo
r Ta
ma
rix s
pp.
Age
nt:
Tric
lopy
r (AS
) / Im
az
apy
r (HS
)
49.8
6
$   
Cos
t 
48.2
4
$    
 
 
 
 
 
Cos
t of 
re-
co
ntro
l
App
lica
tion
 
me
thod
:
Aer
ial S
pray
0.46
5E
ffec
tive
ne
ss
0.99
Effe
ctiv
en
es
s o
f re-
co
ntro
l
Val
ue
s pe
r a
cre
Tam
aris
k us
es
 
2.7
 
-
 
7.1
 
ac
re 
ft. o
f wa
ter 
per 
yea
r
Val
ue
 
of W
ate
r:
Irrig
ato
rs
13.4
2
$    
 
 
 
 
 
 
 
Alfa
lfa U
se
s
3.1
ac
re 
ft. / 
yr
M&
I
2,32
2.5
3
$    
 
 
Yea
r
1
2
3
4
5
6
7
8
9
10
Tot
al 
NPV
Net
 
Los
ses
Cos
t of 
Con
trol
49.8
6
$    
 
 
 
 
 
 
48.2
4
$    
 
 
 
 
 
 
 
98.1
0
$    
 
 
 
 
 
 
 
 
$89.
97
Wa
ter 
Los
t 
2.7
1.4
4
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
4.1
6
Val
ue
 
of W
ate
r Lo
st t
o Irr
igat
ors
36.2
3
$    
 
 
 
 
 
 
19.3
9
$    
 
 
 
 
 
 
 
0.19
$    
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
 
 
55.
81
$    
 
 
 
 
 
 
 
 
$51.
60
($14
1.57
)
Fee
der 
Ste
ers
14.
68
$    
 
 
 
 
 
14.
68
$    
 
 
 
 
 
 
14.
68
$    
 
 
 
 
 
14.
68
$    
 
 
 
 
 
14.
68
$    
 
 
 
 
 
 
 
14.
68
$    
 
 
 
 
 
 
 
14.
68
$    
 
 
 
 
 
 
 
$81.
95
($59
.
62)
1
2
3
4
5
6
7
8
9
10
Tot
al 
NPV
Net
 
Los
ses
Cos
t of 
Con
trol
49.8
6
$    
 
 
 
 
 
 
48.2
4
$    
 
 
 
 
 
 
 
98.1
0
$    
 
 
 
 
 
 
 
 
$89.
97
Wa
ter 
Los
t 
7.1
3.80
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00
10.9
4
Val
ue
 
of W
ate
r Lo
st t
o Irr
igat
ors
95.2
8
$    
 
 
 
 
 
 
50.9
8
$    
 
 
 
 
 
 
 
0.51
$    
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
 
-
$    
 
 
 
 
 
 
 
 
 
 
 
146
.
77
$    
 
 
 
 
 
 
$135
.
69
($22
5.66
)
Fee
der 
Ste
ers
14.
68
$    
 
 
 
 
 
14.
68
$    
 
 
 
 
 
 
14.
68
$    
 
 
 
 
 
14.
68
$    
 
 
 
 
 
14.
68
$    
 
 
 
 
 
 
 
14.
68
$    
 
 
 
 
 
 
 
14.
68
$    
 
 
 
 
 
 
 
$81.
95
($14
3.71
)
5th
 
Eva
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lop
yr A
S w
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-
co
ntro
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)
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r
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App
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dix 
Z:  P
rod
uc
tion
 
Pla
n w
ith T
rac
k-h
oe
, re
-
co
ntro
l, an
d fe
ede
r s
tee
rs 
as 
pro
fitab
le c
rop
Era
dica
tion
 
Plan
 
for T
am
arix
 
spp
.
Age
nt:
Trac
k H
oe/ 
Ima
zap
yr
356
.
75
$   
Cos
t 
48.2
4
$     
 
 
 
 
 
cos
t of 
re-
con
trol
Valu
es 
per 
acr
e
0.87
5E
ffec
tive
nes
s
0.99
effe
ctiv
ene
ss 
of re
-
con
trol
Tam
aris
k us
es 
2.7 
-
 
7.1 
acr
e ft.
 
of w
ate
r pe
r ye
ar
Valu
e o
f W
ate
r:
Irrig
ato
rs
13.4
2
$     
 
 
 
 
 
Alfa
lfa U
ses
3.1
acr
e ft.
 
/ yr
M&
I
2,32
2.53
$     
1
2
3
4
5
6
7
8
9
10
Tot
al 
NPV
Net
 
Los
ses
Cos
t of 
Con
trol
356
.
75
$     
 
48.2
4
$     
 
 
 
 
 
404
.
99
$     
 
 
 
 
 
$379
.
49
Wa
ter 
Los
t 
2.70
0.34
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
Valu
e o
f W
ate
r Lo
st t
o Irr
igat
ors
36.2
3
$     
 
 
 
4.53
$     
 
 
 
 
 
 
 
0.05
$     
 
-
$     
 
 
 
 
 
 
-
$     
 
 
 
 
 
 
 
 
-
$     
 
 
 
 
 
 
 
 
-
$     
 
 
 
 
 
 
 
 
 
 
 
-
$     
 
 
 
 
 
 
 
 
-
$     
 
 
 
 
 
 
 
-
$     
 
 
 
 
 
 
40.8
1
$     
 
 
 
 
 
 
 
$38.
25
($41
7.74
)
Fee
der 
Stee
rs
14.6
8
$     
 
 
 
14.6
8
$     
 
 
 
 
14.6
8
$     
 
 
 
 
 
14.6
8
$     
 
 
 
 
 
 
 
 
14.6
8
$     
 
 
 
 
14.6
8
$     
 
 
 
14.6
8
$     
 
 
 
81.9
5
$     
 
 
 
($33
5.79
)
1
2
3
4
5
6
7
8
9
10
Tot
al 
NPV
Net
 
Los
ses
Cos
t of 
Con
trol
356
.
75
$     
 
48.2
4
$     
 
 
 
 
 
404
.
99
$     
 
 
 
 
 
$379
.
49
Wa
ter 
Los
t 
7.10
0.89
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
Valu
e o
f W
ate
r Lo
st t
o Irr
igat
ors
95.2
8
$     
 
 
 
11.9
1
$     
 
 
 
 
 
0.12
$     
 
-
$     
 
 
 
 
 
 
-
$     
 
 
 
 
 
 
 
 
-
$     
 
 
 
 
 
 
 
 
-
$     
 
 
 
 
 
 
 
 
 
 
 
-
$     
 
 
 
 
 
 
 
 
-
$     
 
 
 
 
 
 
 
-
$     
 
 
 
 
 
 
107
.
31
$     
 
 
 
 
 
$100
.
59
($48
0.08
)
Fee
der 
Stee
rs
14.6
8
$     
 
 
 
14.6
8
$     
 
 
 
 
14.6
8
$     
 
 
 
 
 
14.6
8
$     
 
 
 
 
 
 
 
 
14.6
8
$     
 
 
 
 
14.6
8
$     
 
 
 
14.6
8
$     
 
 
 
81.9
5
$     
 
 
 
($39
8.13
)
Yea
r
5th
 
Eva
lua
tion
 
(Tra
ck-h
oe
 
w/ r
e-c
on
trol
 
of I
ma
za
pyr
 
HS 
an
d A
lfal
fa w
ate
r u
se)
Net
 
Val
ue
 
of T
am
aris
k Co
ntro
l (Lo
w 
Wa
ter 
Use
 
Are
a)
Yea
r
Net
 
Val
ue
 
of T
am
aris
k Co
ntro
l (Hi
gh W
ate
r Us
e A
rea
)
 129
App
en
dix 
AA:
 
 
Pro
duc
tion
 
Pla
n w
ith N
o C
on
trol
 
of T
am
aris
k, D
ete
rm
inin
g To
tal L
os
se
s a
t va
riou
s W
ate
r Us
e L
ev
els
1
2
3
4
5
6
7
8
9
10
Tot
al 
NPV
Wa
ter 
Los
t 
2.70
2.7
0
2.7
0
2.70
2.7
0
2.7
0
2.7
0
2.7
0
2.7
0
2.70
27.0
0
Val
ue 
of W
ate
r Lo
st t
o Irr
igat
ors
36.2
3
$    
 
 
 
 
 
 
 
 
 
36.2
3
$     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
36.2
3
$    
 
 
 
 
 
 
 
 
 
36.2
3
$    
 
 
 
 
 
 
 
36.2
3
$     
 
 
 
 
 
 
 
 
 
 
 
36.2
3
$     
 
 
 
 
 
 
36.2
3
$     
 
 
 
 
36.2
3
$     
 
 
 
 
 
36.2
3
$    
 
 
 
 
 
 
 
 
 
36.2
3
$     
 
 
 
 
362
.
34
$     
 
 
 
 
 
 
 
 
$266
.
69
Val
ue 
of W
ate
r Lo
st t
o M
&I
6,27
0.83
$    
 
 
 
 
6,27
0.83
$     
 
 
 
 
 
 
 
 
 
 
 
6,27
0.83
$    
 
 
 
 
 
6,27
0.83
$    
 
 
 
6,27
0.83
$     
 
 
 
 
 
 
 
6,27
0.83
$     
 
6,27
0.83
$     
6,27
0.83
$     
6,27
0.83
$    
 
 
 
 
6,27
0.83
$     
62,7
08.3
1
$     
 
 
 
$46,
153
.
86
Wa
ter 
Los
t 
3.70
3.70
3.70
3.70
3.70
3.70
3.70
3.70
3.70
3.70
37.0
0
Val
ue 
of W
ate
r Lo
st t
o Irr
igat
ors
49.6
5
$    
 
 
 
 
 
 
 
 
 
49.6
5
$     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
49.6
5
$    
 
 
 
 
 
 
 
 
 
49.6
5
$    
 
 
 
 
 
 
 
49.6
5
$     
 
 
 
 
 
 
 
 
 
 
 
49.6
5
$     
 
 
 
 
 
 
49.6
5
$     
 
 
 
 
49.6
5
$     
 
 
 
 
 
49.6
5
$    
 
 
 
 
 
 
 
 
 
49.6
5
$     
 
 
 
 
496
.
54
$     
 
 
 
 
 
 
 
 
$365
.
46
Val
ue 
of W
ate
r Lo
st t
o M
&I
8,59
3.36
$    
 
 
 
 
8,59
3.36
$     
 
 
 
 
 
 
 
 
 
 
 
8,59
3.36
$    
 
 
 
 
 
8,59
3.36
$    
 
 
 
8,59
3.36
$     
 
 
 
 
 
 
 
8,59
3.36
$     
 
8,59
3.36
$     
8,59
3.36
$     
8,59
3.36
$    
 
 
 
 
8,59
3.36
$     
85,9
33.6
1
$     
 
 
 
$63,
247
.
89
Wa
ter 
Los
t 
4.70
4.7
0
4.7
0
4.70
4.7
0
4.7
0
4.7
0
4.7
0
4.7
0
4.70
47.0
0
Val
ue 
of W
ate
r Lo
st t
o Irr
igat
ors
63.0
7
$    
 
 
 
 
 
 
 
 
 
63.0
7
$     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
63.0
7
$    
 
 
 
 
 
 
 
 
 
63.0
7
$    
 
 
 
 
 
 
 
63.0
7
$     
 
 
 
 
 
 
 
 
 
 
 
63.0
7
$     
 
 
 
 
 
 
63.0
7
$     
 
 
 
 
63.0
7
$     
 
 
 
 
 
63.0
7
$    
 
 
 
 
 
 
 
 
 
63.0
7
$     
 
 
 
 
630
.
74
$     
 
 
 
 
 
 
 
 
$464
.
23
Val
ue 
of W
ate
r Lo
st t
o M
&I
10,9
15.8
9
$    
 
 
10,9
15.8
9
$     
 
 
 
 
 
 
 
 
 
10,9
15.8
9
$    
 
 
 
10,9
15.8
9
$    
 
10,9
15.8
9
$     
 
 
 
 
 
10,9
15.8
9
$     
10,9
15.8
9
$   
10,9
15.8
9
$    
10,9
15.8
9
$    
 
 
 
10,9
15.8
9
$   
109
,158
.
91
$     
 
$80,
341
.
91
Wa
ter 
Los
t 
5.70
5.70
5.70
5.70
5.70
5.70
5.70
5.70
5.70
5.70
57.0
0
Val
ue 
of W
ate
r Lo
st t
o Irr
igat
ors
76.4
9
$    
 
 
 
 
 
 
 
 
 
76.4
9
$     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
76.4
9
$    
 
 
 
 
 
 
 
 
 
76.4
9
$    
 
 
 
 
 
 
 
76.4
9
$     
 
 
 
 
 
 
 
 
 
 
 
76.4
9
$     
 
 
 
 
 
 
76.4
9
$     
 
 
 
 
76.4
9
$     
 
 
 
 
 
76.4
9
$    
 
 
 
 
 
 
 
 
 
76.4
9
$     
 
 
 
 
764
.
94
$     
 
 
 
 
 
 
 
 
$563
.
00
Val
ue 
of W
ate
r Lo
st t
o M
&I
13,2
38.4
2
$    
 
 
13,2
38.4
2
$     
 
 
 
 
 
 
 
 
 
13,2
38.4
2
$    
 
 
 
13,2
38.4
2
$    
 
13,2
38.4
2
$     
 
 
 
 
 
13,2
38.4
2
$     
13,2
38.4
2
$   
13,2
38.4
2
$    
13,2
38.4
2
$    
 
 
 
13,2
38.4
2
$   
132
,384
.
21
$     
 
$97,
435
.
93
Wa
ter 
Los
t 
6.70
6.70
6.70
6.70
6.70
6.70
6.70
6.70
6.70
6.70
67.0
0
Val
ue 
of W
ate
r Lo
st t
o Irr
igat
ors
89.9
1
$    
 
 
 
 
 
 
 
 
 
89.9
1
$     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
89.9
1
$    
 
 
 
 
 
 
 
 
 
89.9
1
$    
 
 
 
 
 
 
 
89.9
1
$     
 
 
 
 
 
 
 
 
 
 
 
89.9
1
$     
 
 
 
 
 
 
89.9
1
$     
 
 
 
 
89.9
1
$     
 
 
 
 
 
89.9
1
$    
 
 
 
 
 
 
 
 
 
89.9
1
$     
 
 
 
 
899
.
14
$     
 
 
 
 
 
 
 
 
$661
.
77
Val
ue 
of W
ate
r Lo
st t
o M
&I
15,5
60.9
5
$    
 
 
15,5
60.9
5
$     
 
 
 
 
 
 
 
 
 
15,5
60.9
5
$    
 
 
 
15,5
60.9
5
$    
 
15,5
60.9
5
$     
 
 
 
 
 
15,5
60.9
5
$     
15,5
60.9
5
$   
15,5
60.9
5
$    
15,5
60.9
5
$    
 
 
 
15,5
60.9
5
$   
155
,609
.
51
$     
 
$114
,529
.
95
Wa
ter 
Los
t 
7.10
7.1
0
7.1
0
7.10
7.1
0
7.1
0
7.1
0
7.1
0
7.1
0
7.10
71.0
0
Val
ue 
of W
ate
r Lo
st t
o Irr
igat
ors
95.2
8
$    
 
 
 
 
 
 
 
 
 
95.2
8
$     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
95.2
8
$    
 
 
 
 
 
 
 
 
 
95.2
8
$    
 
 
 
 
 
 
 
95.2
8
$     
 
 
 
 
 
 
 
 
 
 
 
95.2
8
$     
 
 
 
 
 
 
95.2
8
$     
 
 
 
 
95.2
8
$     
 
 
 
 
 
95.2
8
$    
 
 
 
 
 
 
 
 
 
95.2
8
$     
 
 
 
 
952
.
82
$     
 
 
 
 
 
 
 
 
$701
.
28
Val
ue 
of W
ate
r Lo
st t
o M
&I
16,4
89.9
6
$    
 
 
16,4
89.9
6
$     
 
 
 
 
 
 
 
 
 
16,4
89.9
6
$    
 
 
 
16,4
89.9
6
$    
 
16,4
89.9
6
$     
 
 
 
 
 
16,4
89.9
6
$     
16,4
89.9
6
$   
16,4
89.9
6
$    
16,4
89.9
6
$    
 
 
 
16,4
89.9
6
$   
164
,899
.
63
$     
 
$121
,367
.
56
Yea
r
Tot
al L
oss
es 
To 
Tam
aris
k R
esu
ltin
g F
rom
 
Lac
k o
f Co
ntro
l
Var
iou
s Ta
ma
risk
 
Wa
ter-
Use
 
Qua
ntit
ies
 130
 
App
en
dix
 
BB
:  P
rod
uc
tion
 
Pla
n d
ete
rm
inin
g th
e T
ota
l Ne
t Be
ne
fits
 
at V
ario
us
 
Wa
ter 
Use
 
Lev
els
1
2
3
4
5
6
7
8
9
10
Tot
al 
NP
V
Net
 
Los
se
s
Cos
t of
 
Con
trol
0.0
1
$    
 
 
 
 
 
 
0.0
0
$    
 
 
 
 
 
 
 
 
0.0
1
$    
 
 
 
 
 
 
 
$0.0
1
Wa
ter 
Los
t 
2.7
0
0.0
3
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
2.7
3
Net
 
Ben
efits
0.0
0
2.6
7
2.7
0
2.7
0
2.7
0
2.7
0
2.7
0
2.7
0
2.7
0
2.7
0
24.
27
Val
ue
 
of b
en
efits
 
to I
rriga
tors
0.0
0
35.
87
36.
23
36.
23
36.
23
36.
23
36.
23
36.
23
36.
23
36.
23
325
.
74
$232
.
18
Val
ue
 
of b
en
efits
 
to M
&I
-
$    
 
 
 
 
 
 
 
 
6,2
08.
12
$    
 
6,2
70.
20
$    
 
6,2
70.
82
$    
 
6,2
70.
83
$    
 
 
 
6,2
70.
83
$    
 
 
 
6,2
70.
83
$    
 
 
 
6,2
70.
83
$    
 
6,2
70.
83
$    
 
 
 
 
6,2
70.
83
$    
 
56,
374
.
14
$40,
181
.
64
Wa
ter 
Los
t 
3.7
0
0.0
4
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
3.7
4
Net
 
Ben
efits
0.0
0
3.6
6
3.7
0
3.7
0
3.7
0
3.7
0
3.7
0
3.7
0
3.7
0
3.7
0
33.
26
Val
ue
 
of b
en
efits
 
to I
rriga
tors
0.0
0
49.
16
49.
65
49.
65
49.
65
49.
65
49.
65
49.
65
49.
65
49.
65
446
.
38
$318
.
17
Val
ue
 
of b
en
efits
 
to M
&I
-
$    
 
 
 
 
 
 
 
 
8,5
07.
43
$    
 
8,5
92.
50
$    
 
8,5
93.
35
$    
 
8,5
93.
36
$    
 
 
 
8,5
93.
36
$    
 
 
 
8,5
93.
36
$    
 
 
 
8,5
93.
36
$    
 
8,5
93.
36
$    
 
 
 
 
8,5
93.
36
$    
 
77,
253
.
45
$55,
063
.
73
Wa
ter 
Los
t 
4.7
0
0.0
5
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
4.7
5
Net
 
Ben
efits
0.0
0
4.6
5
4.7
0
4.7
0
4.7
0
4.7
0
4.7
0
4.7
0
4.7
0
4.7
0
42.
25
Val
ue
 
of b
en
efits
 
to I
rriga
tors
0.0
0
62.
44
63.
07
63.
07
63.
07
63.
07
63.
07
63.
07
63.
07
63.
07
567
.
03
$404
.
16
Val
ue
 
of b
en
efits
 
to M
&I
-
$    
 
 
 
 
 
 
 
 
10,
806
.
73
$    
10,
914
.
80
$   
10,
915
.
88
$    
10,
915
.
89
$    
 
 
10,
915
.
89
$    
 
10,
915
.
89
$    
 
10,
915
.
89
$   
10,
915
.
89
$    
 
 
10,
915
.
89
$    
98,
132
.
76
$69,
945
.
82
Wa
ter 
Los
t 
5.7
0
0.0
6
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
5.7
6
Net
 
Ben
efits
0.0
0
5.6
4
5.7
0
5.7
0
5.7
0
5.7
0
5.7
0
5.7
0
5.7
0
5.7
0
51.
24
Val
ue
 
of b
en
efits
 
to I
rriga
tors
0.0
0
75.
73
76.
49
76.
49
76.
49
76.
49
76.
49
76.
49
76.
49
76.
49
687
.
67
$490
.
15
Val
ue
 
of b
en
efits
 
to M
&I
-
$    
 
 
 
 
 
 
 
 
13,
106
.
04
$    
13,
237
.
10
$   
13,
238
.
41
$    
13,
238
.
42
$    
 
 
13,
238
.
42
$    
 
13,
238
.
42
$    
 
13,
238
.
42
$   
13,
238
.
42
$    
 
 
13,
238
.
42
$    
119
,01
2.0
7
$84,
827
.
91
Wa
ter 
Los
t 
6.7
0
0.0
7
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
6.7
7
Net
 
Ben
efits
0.0
0
6.6
3
6.7
0
6.7
0
6.7
0
6.7
0
6.7
0
6.7
0
6.7
0
6.7
0
60.
23
Val
ue
 
of b
en
efits
 
to I
rriga
tors
0.0
0
89.
01
89.
91
89.
91
89.
91
89.
91
89.
91
89.
91
89.
91
89.
91
808
.
32
$576
.
14
Val
ue
 
of b
en
efits
 
to M
&I
-
$    
 
 
 
 
 
 
 
 
15,
405
.
34
$    
15,
559
.
39
$   
15,
560
.
94
$    
15,
560
.
95
$    
 
 
15,
560
.
95
$    
 
15,
560
.
95
$    
 
15,
560
.
95
$   
15,
560
.
95
$    
 
 
15,
560
.
95
$    
139
,89
1.3
8
$99,
710
.
00
Wa
ter 
Los
t 
7.1
0
0.0
7
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
0.0
0
7.1
7
Net
 
Ben
efits
0.0
0
7.0
3
7.1
0
7.1
0
7.1
0
7.1
0
7.1
0
7.1
0
7.1
0
7.1
0
63.
83
Val
ue
 
of b
en
efits
 
to I
rriga
tors
0.0
0
94.
33
95.
27
95.
28
95.
28
95.
28
95.
28
95.
28
95.
28
95.
28
856
.
58
$610
.
54
Val
ue
 
of b
en
efits
 
to M
&I
-
$    
 
 
 
 
 
 
 
 
16,
325
.
06
$    
16,
488
.
31
$   
16,
489
.
95
$    
16,
489
.
96
$    
 
 
16,
489
.
96
$    
 
16,
489
.
96
$    
 
16,
489
.
96
$   
16,
489
.
96
$    
 
 
16,
489
.
96
$    
148
,24
3.1
0
$105
,66
2.8
4
Net
 
Ben
efit
 
of T
am
aris
k C
on
tro
l At
 
Var
iou
s W
ate
r-U
se
 
Qua
ntit
ies
Yea
r
Tot
al B
en
efit
 
of 
Con
tro
l
Tot
al B
en
efit
 
of 
Con
tro
l
Tot
al B
en
efit
 
of 
Con
tro
l
Tot
al B
en
efit
 
of 
Con
tro
l
Tot
al B
en
efit
 
of 
Con
tro
l
Tot
al B
en
efit
 
of 
Con
tro
l
 131
Appendix CC.  Bibliography 
 
Adams, J., D. Crews and R. Cummings. “The Sale and Leasing of Water Rights in 
Western States: An Update to Mid-2003.” Water Policy Working Paper #2004-
004. North Georgia Water Planning and Policy Center, Georgia State University. 
April 2004.    
 
Aldrich, G.A.  Tanaka, J.A.  Adams, R.M.  Buckhouse, J.C.  Economics of Western 
Juniper Treatment in Central Oregon.  Rangeland Ecology and Management, 
Vol. 58, Pages 542-552.  September 2005. 
 
Anderson, B. W.  Salt Cedar, Re-vegetation and Riparian Ecosystems in the Southwest.  
California Exotic Plant pest Council.  1995 Symposium Proceedings.   
 
Baird, J. and Havnes, M.  Invasive Plants on Rampage.  Salt Lake Tribune.  7/06/2006.   
 
BASF Herbicide Website; http://www.agro.basf.com 
 
Bator, F. M. The Simple Analytics of Welfare Maximization.  The American Economic 
Review, Vol. 47, No. 1 Pages 22-59.  March 1957. 
 
Baumol, W. J.  Economic Theory and Operations Analysis 4th Ed. Chapter 21 pp. 527.  
Copyright 1977, Prentice Hill, New Jersey. 
 
BLM News.  A beetle’s fife: one year later.  July 27, 2006.  
http://www.co.blm.gov/news/2006/barkbeetle.htm  8/23/2006. 
 
Broadway, R.W. The Welfare Foundations of Cost-Benefit Analysis.  Economic Journal 
Vol. 84, No. 336, Pages 926-939.  1974. 
 
Cohn, J. P.  Tiff over Saltcedar: Can a Nuisance be Nice, Too?  BioScience Vol. 55 No. 8  
August 2005. 
 
Criddle, K. Intermediate Statistics and Applied Regression Analysis, 2nd ed. Logan, UT. 
East-West Bridge Publishing House. 2005.    
 
Devitt, D.A.  Sala, A.  Smith, S.D. Clevery, J. Shaulas, K. Hammett, R.  Bowen Ratio 
estimates of evapotranspiration for Tamarix Ramosissima stands on the Virgin 
River in Southern Nevada.  Water Resources Research, Vol. 34, No. 9, Pages 
2407-2414, Sept. 1998. 
 
DiTomaso, J.  Risk Analysis of Various Weed Treatment Methods.  California Exotic Pest 
Council.  1997 Symposium Proceedings.   
 
Dow Chemical website; http://www.dowagro.com/ivm/invasive/invasive.htm 
 132
Dudley, T.L. and J.C. Deloach. “Saltcedar, Endangered Species and Biological Weed 
Treatment—Can they Mix? Weed Technology 18,5 (2004):1542-1551. 
 
Duncan, C.A.  et al.  Assessing the Economic, Environmental, and Societal losses from 
invasive Plants on Rangelands and Wildlands.  Weed Technology; Vol. 18, No. 5, 
Page 1411-1416. 
 
Eisworth, M. E. et al.  Economic impacts from the effects of invasive weeds on outdoor 
recreation model: An Input-Output Model.  University of Nevada. Special 
Publication Sp-05-06.   
 
Evans, E. A.  Economic Dimisions of Invasive Species.  Choices Second Quarter 2003.   
 
Everitt, B.  Division of Water Resources Memorandum, Water use by Saltcedar in Utah,  
August 31, 2004 
 
Freeman M. A.  Haveman, R. H.  Benefit-Cost Analysis and Multiple Objectives: Current 
Issues in Water Resources Planning.  Water Resources Research, Vol. 6, No. 6, 
Pages 1533-1539.  December 1970. 
 
Gisser, M.  Linear Programming Models for Estimating the Agriculture Demand 
Function for Imported Water in the Pecos River Basin.  Water Resources 
Research Vol. 6 No. 4  August 1970. 
 
Glenn, E.P.  Naglar, P.L.  Comparative Ecophysiology of Tamarix ramosissima and 
Native Trees in Western Riparian Zones.  Journal of Arid Environments  Vol. 61. 
(2005) Pages 419-446.   
 
Hart, C. R.  Pecos River Ecosystem Monitoring Project.  Texas Water Resources 
Institute. Texas Cooperative Extension 2002. 
 
Hart, C. R.  The Pecos River Ecosystem Project Progress Report.  Texas Cooperative 
Extension 2002. 
 
Hem, J.D. “Composition of Saline on Leaves and Stems of Saltcedar.” U.S.G.S. 
Professional Paper 491-C. 1967.  
 
Henderson, J. M. and Quandt, R. E.  Micro-economic Theory a mathematical approach 
3rd ed. Chapter 11. pp. 285  Copyright 1980 McGraw Hill. 
 
Invasive Plants Fact Book, Desert.  www.denix.osd.mil/denix/Public/es-
programs/conservation/invasive/deserts.html  9/1/2006. 
 
 133
Kreuter, U.P.  Amestoy, H.E.  Kothmann, M.M.  Ueckert, D.N.  McGinty, W.A.  
Cummings, S.R.  The Use of Brush Management Methods: A Texas Landowner 
Survey.  Rangeland Ecology and Management 58:284-291 May 2005. 
 
Leitch, J. A. et al.  Economic Effect of leafy Spurge in the upper Great Plains: Methods, 
Models, and Results.  Agriculture Economics Report No. 316, March 1994. 
 
Lovich, J. E.  A Brief Review of the Impacts of Saltcedar, or Saltcedar on Biodiversity in 
the New World.  
http://www.invasivespeciesinfo.gov/docs/news/workshopSep96/lovich.html  
9/1/2006. 
 
Martin, T.  A Success Story Saltcedar Treatment at the Coachella Valley Preserve, 
Southern California.  The Nature Conservancy. Wildland Invasive Species 
Program. January 2001. 
 
Moffit, J. L. and Osteen, C. D.  Prioritizing Invasive Species Threats Under Uncertainty.  
Selected paper NAREA invasive Species Workshop June 14-15 2005. 
 
NBII Invasive Species Information Node (ISIN) – Economics of Invasive Species.  
http://invasivespecies.nbii.gov/economics.html  9/1/2006. 
 
Nielsen, D.B. 1977. Economics of Range Improvements: A Ranchers Handbook to 
Economic Decision-making. Utah Agricultural Experiment Station, Bulletin 466. 
Utah State University. 52 pages. 
 
NRCS News Release.  USDA Awards 4.1 Millions in Grants to Manage and Treatment 
invasive Species Affecting Grazing Lands.  
http://www.nrcs.usda.gov/news/releases/2006/glcigrantincentives.html 
 
Perkins, M.  Environmental Program Manager.  E-mail Correspondence about Legacy 
Highway Project.   
 
Piminal, D. et al.  Environmental and Economic Costs of Nonindigenous Species of the 
United States.  BioScience.  Vol. 50 No. 1  January 2000. 
 
Pitafi, B. A. and Roumasset, J. A.  The Resource Economics of Invasive Species.  
Northeastern Agricultural and Resource Economics Association workshop June 
14-15, 2005. 
 
Portney, P. R.  The Contingent Valuation Debate: Why Economists Should Care.  Journal 
of Economic Perspectives, Vol. 8 No. 4  Fall 1994 pp. 3-17. 
 
Powell, A.  Salt Cedar Management in New Mexico.  Youth Forum.  Rangelands Feb 
2005.  Pages 18-20. 
 134
 
 
Quimby, P.C. et al.  Biological Treatment of Rangeland Weeds.  Noxious Range Weeds. 
1991. Chapter 9 pp. 83-102. 
 
Richards, R.  et al.  “Saltcedar” Brochure, Utah State University Extension. Cp 2006. 
 
Richards, R.  Saltcedar Treatment.  Journal of Ecological Restoration (Pending) April 
2006. 
 
Robinson, T.W.  Introduction, Spread and Areal Extent of Saltcedar (Tamarix) in the 
Western States.  U.S.G.S.  Professional paper 491-A. 
 
Robinson, T. W.  Phreatopyte Research in Western United States, October 1958 to 
March 1959.  U.S.G.S. Geological Survey Circular 413.  Washington, D.C.  1959. 
 
Sala, A. Smith, S.D. Devitt, D.A.  Water use by Tamarix Ramosissima and Associated 
Phreatophytes in a Mojave Desert Floodplain.  Ecological Applications, Vol. 6 
No. 3 pp. 888-898. Aug 1996. 
 
Schoolmaster, A. F.  Water marketing and Water Rights Transfers in the Lower Rio 
Grande Valley, Texas.  Professional Geographer, 43(3), 1991, pp. 292-304. 
 
Shafroth, P.B. et al.  Profile: Treatment of Tamarix in the Western United States 
Implications of Water Salvage, Wildlife Use, and Riparian Restoration.  
Environmental Management Vol. 35 No. 3 Pages 231-246. 
 
Shafroth, P. B.  Successional Trends in Tamarix. Stands along the Lower Colorado River.  
U.S.G.S. Fort Collins Science Center.  Submitted to U.S. Bureau of Reclamation.  
August 13, 2004. 
 
Standiford, R. B.  and Howitt, R. E.  Solving Bioeconomic Models: A Rangeland 
Improvement.  American Journal of Agriculture Economics, Vol. 74, No. 2.  May 
1992.  pp 421-433. 
 
Stutzman, Sarah et al.  An Annotated Bibliography on the Economics of Invasive Plants.  
University of California Agriculture Issues Center,  April 2004.   
 
Tamarisk Coalition. “Impact of Saltcedar Infestation on the Water Resources of 
Colorado.” Prepared for Department of  Natural Resources, Colorado Water 
Conservation Board. May 2003.  
 
Undersander, D.J. et al.  Kochia.  Alternative Crops Manual.  
http://www.hort.purdue.edu/newcrop/afcm/kochia.html  8/22/2006. 
 
 135
USDA  Economic Research Service.  Program of Research on the Economics of Invasive 
Species Management.  Fiscal 2003-2005 Archives. 
 
USDA. Economic Research Service. Invasive Species. Available at 
http://www.ers.usda/briefing/invasive. [Retrieved July 27, 2005.] 
 
USDA.   Economic Research Service.  Invasive Species and their Agricultural 
Importance.  www.ers.usda.gov/Breifing/Invasivespecies.whatis.htm  9/1/2006. 
 
USDA/NASS Kansas Field Office. “Custom Rates.” Fact Finders for Agriculture. 2005.  
 
Utah State University Extension. Enterprise Budgets. Available at 
http://www.extension.usu.edu/agribusiness/htm/finance/budgets. [Retrieved  
January 2006.] 
 
Utah State University Extension. “Range Plants of Utah.” Available at 
http://extension.usu.edu/rangeplants (Cottonwood, Greasewood, Rabbitbrush and 
Wild Rose). [Retrieved January 2006] 
 
Van Hylckama, T.E.A.  Weather and Evapotranspiration Studies in a Saltcedar Thicket, 
Arizona.  U.S.G.S Professional Paper 491-F. 
 
Van Hylckamam, T.E.A.  Water Use by Salt Cedar.  Water Resources Research. Vol. 6 
No. 3  pg. 728 June 1970. 
 
Water Right Exchange.  www.waterrightexchange.com  8/9/2006. 
 
Weeks, E. P.  Weaver, H. L.  Campbell, G. S.  Tanner, Bert D.  Water use by Saltcedar 
nad Replacement Vegetation in the Pecos River Floodplain Between Acme and 
Artisia, New Mexico.  U.S.G.S. Professional Paper 491-G. 
 
Weiser, C.  Economics Effects on invasive Weds on Land Values (from an Agriculture 
Bankers Standpoint).  http://www.invasive.org/symposium/wieser.html  9/1/2006. 
 
Welder, G.E.  Hydrologic Effects of Phreatophyte Treatment, Acme-Artesia reach of the 
Pecos River, 1967-82.  U.S.G.S.  Water-Resources Investigations Report #87-
4148.  Albuquerque, NM.  1988. 
 
Willow Wattles or Fascines.  
http://www.ecbarranch.com/adeq%204004/rrip/willow%wattles.htm 
 
Zavaleta, E.  Valuing Ecosystem Services Lost to Tamarix Invasion in the United States.  
Chapter 12.  Invasive Species in a Changing World.  Copyright 2000 Washington 
D.C. 
